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©INTRODUCTION
. INTRODUCTION " • •
•  * • *
T h e -u se  o f  l i t h i u m  aluminum h y d r i d e  a s  a reduci ing
a g e n t  has  been e n c o u ra g e d  by t h e  y e r y  few an om aloua  r e a c t i o n s
w hich  have been  o b s e r v e d  on r e d u c t i o n  o f  a w ide  v a r i e t y  o f
f u n c t i o n a l  g r o u p s .  One o f  th e  i n t e r e s t i n g  r e a r r a n g e m e n t s  ‘
a t t e n d i n g  i t s  u s e ,  however ,  o c c u r s  i n  t h e  r e d u c t i o n  o f
a r o m a t i c  k e t o x im e s  and some o f  t h e i r  d e r i v a t iv e s  ( I ) ,  w h ere ,
i n  a d d i t i o n  to  th e  e x p e c t e d  p r im ary  amine ( I I ) ,  an i s o m e r i c
s e c o n d a r y  amine ( I I I )  i s  form ed .  I t  h a s  b een  s u g g e s t e d  t h a t
1 2t h i s  r e a r r a n g e m e n t ,  which  was f i r s t  r e p o r t e d  by L a r s s o n  ’ 
from  th e  r e d u c t i o n  o f  a c e to p h e n o n e  o x im e ,  and w hich  h a s  s i n c e  
been  found t o  o c c u r  from t h e  r e d u c t i o n  of o t h e r  a r o m a t i c  
k e t o x im e s  and some o f  t h e i r  d e r i v a t i v e s ^  , p r o b a o l y  was due  
t o  a p r e l i m i n a r y  Beckmann-type r e a r r a n g e m e n t  o f  t h e  o x im e ,  
under t h e  r e a c t i o n  c o n d i t i o n s ,  t o  an amide which  was t h e n  
r e d u c e c ,  a s  u s u a l ,  t o  a s e c o n d a r y  amine^®. That t h i s  r e a r ­
rangement i s ,  i n a e e d ,  i n  many r e s p e c t s  s i m i l a r  t o  t h e  ^ecknann  
r e a r r a n g e m e n t ,  was shov.n by th e  f a c t  t h a t  e l e c t r o n - r e l e a s i n g  
s u b s t i t u e n t s  i n  t h e  p a ra - p o s i t i o n  o f  a ce to n h en o n e  ox im e  
f a c i l i t a t e  t h e  rearrangement*3. However,  i t  i s  n o t  a s  g e n e r a l  
a s  th e  neckmann r e a r r a n g e m e n t , f o r ,  u n t i l  v e r y  r e c e n t l y ^ ,  
o n l y  o x im e s  o f  a r o m a t i c  k e t o n e s  have been found  t o  undergo  
rea rra n g em en t  on r e d u c t i o n  v . i th  l i t h i u m  aluminum h y d r i d e .
- 1 -
. ArGR h i A l f y  . . ArCHtf ° ArhHCHoR »„
NOR’ • . • . ^H2 '
’ • * * *
i  i i  h i
» * *
A number o f  a l i p h a t i c  k e t o x i m e s ,  on r e d u c t i o n  w i t h  
l i t h i u m  aluminum h y d r i d e ,  have  b een  r e p o r t e d  t o  R ive  t h e  
e x p e c t e d  primary am in es  i n  l o t  y i e l d s ^ ,  b i n c e  t h e s e  low  
y i o l a s  may have  b een  due t o  the  f o r m a t i o n  of o t h e r  i s o m e r s  
w hich  were n o t  d e t e c t e d  by t h e  rueihods used f o r  i s o l a t i o n  of  
t h e  am ines ,  a n a l y s i s  o f  the  p r o u u c t s  by u c i u i m e t r i c  t e c h n i ­
q u e s ^ ” ^  m ig h t  r e v e a l  whether  o r  not some r e d u c t i v e  r e a r ­
rangement o c c u r s  w i t h  t h e s e  o x im e s  a s  w e l l ,  d e d u c t i o n s  o f  
s e v e r a l  a l i p h a t i c  ana a r o m a t i c  k e t o x im e s  w ere  r e p e a t e d  in  
t h i s  i n v e s t i g a t i o n  and th e  a n a l y t i c a l  r e s u l t s  r e p o r t e d  were  
o b t a i n e d  by th e  u se  o f  su c h  t e c h n i q u e s .
h e c a u o t  o f  t h e  g r o a t t r  r e l i a b i l i t y  01 th e  a n a l y t i c a l  
r e s u l t s  o b t a i n e d  by p o t e n t i o m e t r i c  t i t r a t i o n ,  :’ t  was p o s s i b l e  
n o t  o n l y  t o  d e t e r m in e  w i t h  a h i g h e r  d e g r e e  o f  c e r t a i n t y  t h e  
e f i e c t  of s t r u c t u r a l  f e a t u r e s  of a r o m a t ic  k e t o x im e s  on th e  
c o u r s e  o f  t h e  r e d u c t i o n  w i t h  l i t h i u m  aluminum h y d r i d e ,  but  
a l s o  to  s tu d y  th e  r e a c t i o n  k i n e t i c a l l y .  The r e s u l t s  o f  su c h  
s t u d i e s  a r e  r e p o r t e d  h e r e i n ,  b r i e f l y ,  t h e y  i n c l u d e  ( 1 ) a 
more q u a n t i t a t i v e  s tu d y  o f  th e  e f f e c t  o f  p a ra - S u b s t i t u e n t s . 
t o g e t h e r  v . i t h  e s t u d y  oj the e f f e c t  o f  o r t h o - s u b s t i t u e n t s  on 
th e  r e d u c t i o n  o f  a c e t o p h e n o n e  o x i m e s j  (k)  a c o m p a r a t iv e  s t u d y
o f  t h e  r e d u c t i o n 0 o f  s e v e r e i  a ce tophe°none  o x i m e s  #nct t h e i r  0 -
oC o
me t h y l ° r e t h e  rs*', ( 3 )9 a s t u d y  o f  t h e  s t e r e o e h e m i a t r y  o f  t h e  
r e d u c t i v e  r e a r r a n g e m e n t  by r e d u c t i o n  o f  t h e  s y n -  and a n t i -* e
p h e n y l  i s o m e r s  o f  i so b u t y r o p h e n o n e *  o x im e ;  and ( 4 ) a 3? a r b i a l
41 O
k i n e t i c  st.udy." A m ech an ism  f o r  t h e  r e a c t i o n  i s  s u g g e s t e d
to
w h i c h  i s  c o n s i s t e n t  w i t h  t h e  r e s u l t s  o b t a i n e d  f r o m * t h e s e
*> o






O o ° 9o  •
The r e d u c t i v e  r e a r r a n g e m e n t  o f  o x im e s  w i t h  l i t h i u m
1 "2aluminum h y d r i d e  was f i r s t  d i s c o v e r e d  by L a r s s o n  * .who  
r e p o r t e d  t h e  i s o l a t i o n  o f  L - e t h y l a n i l i n e  a s  w e l l  a s  d t - p h e h y l -o © 0 3 
e t h y l a m i n e  from th e  r e d u c t i o n  of  a c e t o p h e n o n e - o x i m e . Lmith
ana cov.orkers^  l a t e r  o b t a i n e d  th e  same r e s u l t s ,  and a l s o  r e ­
p o r t e d  t h a t  a s i m i l a r  m ix t u r e  o f  p r o d u c t s ,  N - p r o p y l a n i l i n e  
enc* a - p h e n y l  p r o p y la m in e ,  was o b t a in e d  lrom  t h e  r e d u c t i o n  of  
p r o p io p h e n o n e  o x im e .  A l t h o u g h  t h i s  rearrah'-.eme nt a p p e a r s  to  
be r e l a t e d  t o  the  neckmann r e a r r a n g e m e n t ,  a p p a r e n t l y  i t  i s  
n o t  a s  ^ener.'  l ,  f o r  many o x im e s  have  b e en  r e d u ce d  v - i th o u t  
r e a r r a n g e m e n t  w i t h  l i t h i u m  aluminum h y d r i u e , 5 » 1 7 - 1 9 .  A l i ­
p h a t i c  and a r o tn a t ic  a l d o x i m e s  and a number o f  a c y c l i c  and 
c y c l i c  a l i p h a t i c  k e t o x i m e s  a p p a r e n t l y  u ndergo  r e d u c t i o n  w i t h  
l i t t l e  o r  no r e a r r a n g e m e n t ,  s i n c e  t h e  e x p e c t e d  primary am in es  
have been  r e p o r t e d  as  the  o n l y  i s o i a b l e  p r o d u c t s . *
on t h e  other-  hrrn.  s e v e r  1 exa* >-les o i  t h e  r e d u c t i v e  
r e a r r a n g e m e n t  or  a r o m a t i c  k e t o x im e s  and t h e i r  d e r i v a t i e s  
nave been r e p o r t e d . c In t h e  r e d u c t i o n  Cl a s e r i e s  o f  p a r a -  
® s u b s t i t u t e d  a c e t o p h e n o n e  o x im e s ,  L y le  and T r o s c i a n i e c ^  found  
t h b t  th e  y i e l d  o f  t h e  p r o d u c t  o f  r e d u c t i v e  rearrangem qnt
^Complete  b a l a n c e  o f  m a t e r i a l  was l a c k i n g  i n  t h e s e  c a s e s ;  
h e n c e ,  some r e a r r a n g e m e n t  may have  o c c u r r e d  but  may n o t  have  b een  
d e t e c t e d .
i n c r e a s e s  w i t h  an i n c r e a s e  i n  t h e  e l e c t r o n - r e l e a s i n g  c a p a c i t y  
* •
o
o f * t h e  p a r a - s u b s t l t u e n i . a n o t h e r  s t r i k i n g  s i m i l a r i t y  t o  t h e
9
beckmann . r e a r r a n g e m e n t . However,  . a l t h o u g h  o - m e t h o x y a c e t o -  . 
p h en o n e  ox im e  was f o u n d  t o  u n d ergo  r e d u c t i o n  a t  a f a s t e r  r a t e
r j  •
t h a n  p - m e t h o x y a c e t o p h e n o n e  o x im e  , t h e  p e r c e n t a g e  o f  r e a r r a n g e d
•
p r o a u c t  o b t a i n e d  from  t h e  f o r m e r  w a s ' l e s s  t h a n  t h a t  . o b t a i n e d  
from  th e  l a t t e r .  T h i s  was  i n  c o n t r a s t  t o  t h e  r e s u l t s  o b t a i n e d  
by l e a r s o n  and G o l e 2^ i n  t h e i r  s t u d y  o f  t h e  deckmann r e a r ­
r a n g e m e n t ;  t h e y  found t h a t  o - m e t h y l - ,  o - c h l o r o - ,  and o - n i t r o -  * 
s u b s t i t u t e s , a c e t o p h e n o n e  o x im e s  u n d erw en t  . r e a r r a n g e m e n t  much 
more r e a d i l y  t h a n  th e  c o r r e s p o n d i n g  p a r a - s u b s t i t u t e d  com pounds .
. Q
d e c e n t l y ,  H a r f e n i s t  and m agn ien  r e p o r t e d  t h a t  r e - -  
d u c t i o n  o f  t h e  4 - p i p e r i a o n e  ox im e IV w i t h  l i t h i u m  alumi-num. 
h y d r i d e  gave  o n l y  t h e  h o m o p i p e r a z i n e  V w i t h  r i n g  e n l a r g e m e n t . ,  
s i m i l a r l y , t h e y  fou nd  t h a t  r e d u c t i o n  o f  t h e  p i p e r i d i n e d i o n e  
monoxime VI and 2 - a c e t y l p h e n o t h i a z i n e  oxime ( V I I I )  g a v e  t h e  
h o m o p i p e r a z i n e  V I I  and 2 - e t h y l a m i m o p h e n o t h i a z i n e  ( I X ) ,  r e ­
s p e c t i v e l y ,  a s  t h e  o n l y  ■ d e t e c t a b l e  b a s . e s .
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d e d u c t i o n s  o f  some a c e t y l ,  ■ b e n z o y l  ana b e n z y l  d e r i v a -
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t i v e s  o f  a r o m a t i c  k e t o k im e s  have been r e p o r t e d  .by l ixner * .
h i t h  a l i m i t e d  amount o f  l i t h i u m  aluminum h y d r i d e  i n  r e f l u x i n g  
e t h e r ,  0 - a c e t y l b e n z o p h e n o n e  ox ime ( I ,  Ar=H=Ph, H»C0 CH3 ) u n d e r ­
went h y d r o g t n o l y s i § to  t h e  p a r e n t  oxime;  but  v . i t h  a n ' e x c e s s  
o f  t h e  h y a r i d e  i n  r e f l u x i n g  t e t r a h y u r o f u r a n ,  t h e  same compound 
-v.as r e d u c e d  t o  a m ix t u r e  o f  benzhy'drylamine and h - b e n z y l a n i l i n e  
d e d u c t i o n  o f  O -b en zoy loen zop h axx ie  oxime under  t h e  l a t t e r  
. c o n d i t i o n s  a l s o  l e d  t o  th e  f o r m a t i o n  o f  t h e .  same m ix t u r e  o f  
. amin’e s  but i n  d i f f e r e n t  r e l a t i v e  a m o u n ts .  • 0 -B R n z y l - 8 c e t o -  
■ phenone o x im e ,  how ev er ,  was reduced  t o  o c ' - p h e n y le th y la m in e  and 
b e n z y l  a l c o h o l ;  no p r o d u c t  ’r e s u l t i n g  from r e d u c t i v e  r e a r r a n g e ­
ment o f  t h i s  compound was i s o l a t e d . .
i
• . C y c lo d e c a n o n e  oxime i s  th e  f i r s t  a l i p h a t i c  ketox im e-
w h ich  h a s - b e e n  r e p o r t e d  t o  undergo  r e u u c t i v e  r e a r r a n g e m e n t  w i t h
° °« l i th iu rn  aluminum h y u r i d e .  h l o m q u i s t .  and c o w o r k e r f i ^ ‘r e p o r t e d
t h a t g  i n  a d d i t i o n  t o  tlje e x p e c t e d  c y c l o u e c y l a m i ’n e ,  a z a c y c l o -
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heu d ecan e  was o b t a i n e d  a s  a s e c o n d a r y  p r o d u c t ,  i n  low y i e l d ,
* #
from t h i s  r e a c t i o n . , ,  The l e t t e r  p r o d u c t  was n o t  d e t e c t e d  a so o
o
" s u c h ,  but i t s  p r e s e n c e  was deauced  from  t h e  f a c t  t h a t  NJM-
d i m e t h y 1 - 9 - a e c e n y l a m i n e  was i d e n t i f i e d  a s  an  a c c e s s o r y  p r o d u c t  
i n  t h e  p r e p a r a t i o n  o f  c y c l o d e c e n e  by p y r o l y s i s  o f  ; t r i m e t h y l -  
oyclo -decy lam m onium  h y d r o x i d e .  I ’he a u t h o r s  c o n c l u d e d  t h a t  
f o r m a t i o n  o f  t h i s  a c c e s s o r y  p r o d u c t  c o u l d  b e s t  be e x p l a i n e d  
on t h e  b a s i s  o f  t h e  f o r m a t i o n  o f  a z a c y c l o h e n d e c a n e  d u r i n g  
t h e  r e d u c t i o n  o f  c y c l o d e c a n o n e  o x im e  by l i t h i u m  aluminum h y d r i d e ,  
f o l l o w e d  by Hofmann d e g r a d a t i o n  o f  t h e  m i x t u r e  o f  t h e  two 
a m i n e s .
The r e s u l t a  o f  t h e  r e d u c t i o n  o f  a number o f  o t h e r  
k e t o x i m e s  and d e r i v a t i v e s  o f  k e t o x i m e s  w i t h  l i t h i u m  aluminum  
h y a r i a e  a r e  r e p o r t e d  i n  t h i s  i n v e s t i g a t i o n ,  i r o m  t h e s e  r e s u l t s  
and t h e  r e s u l t s  c f  a s i m p l e  k i n e t i c  s t u d y  a p l a u s i b l e  m echanism  
i s  s u g g e s t e d  f o r  t h e  r e a c t i o n .
P r e p a r a t i o n  o f  o x im e s  and oxime e t h e r s
The compounds c h o s e n  f o r  s t u d y  i n  t h i s  i n v e s t i g a t i o n  
w ere a c e t o p h e n o n e  ox ime and i t s  p - m e t h o x y - ,  p - m e t h y l - ,  p -  
c h l o r d - ,  p - b r o m o - ,  o - m e t h o x y - ,  o - m e t h y l ,  and o - c h l o r o - d e r i v a -  
t i v e s y  th e  0 - m c t h y l  e t h e r s  o f  p - m e t h o x y - ,  o - m e t h o x y -  and £ -  
c h l o r o a c e t o p h e n o n e  o x i m e ; th e  s y n -  and a n t i - p h e n y l  i s o m e r s  o f  
i s o 'o u t y r o p h e n o n e  o x im e ;  ano c y c l o h e x a n o n e  o x im o .  ’With t n e  
e x c e p t i o n  o f  t h e  o r t h o - s u b s ' t i t u t e d  e . c e t o n h e n o n e s ,  a l l  o f  t h e  
k e t o n e s  r e q u i r e d  f o r  th e  p r e p a r a t i o n  o f  th e  above  o x im e s  were  
o b t a i n e d  c o m m e r c i a l l y .  • o -C .h lo ro -a n d  a - m e t h y l - a c e t o p h e n o n e s  
w ere p r e p a r e d  by t h e  r e a c t i o n  o f  d im ethy lcadm iurn  w i t h  t h e  • 
c o r r e s p o n d i n g  a c i d  c h l o r i d e s  a c c o r d i n g  t o - - th e  methods,  o f  Casori22  
and Ciilman’2 ^, r e s p e c t i v e l y . ,  o - h ie t h o x y a c e t o p h e n o n e  w a s - .p rep a red  
by m a t h y i a t i o n . o f  - t h e  o - h y ^ r o x y  compound w i t h  m e t h y i  . s u l f a t e 2^ .
E x ce p t  f o r  t h e  t . .o  i s o m e r s  o f  i s o b u t y r o p h e n o n e .  oximeu
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w h ich  were p r e p a r e d  and s e p a r a t e d  by th e  method o f  Kissman- , ’
a l l  o t h e r  o x im e s  were p r e p a r e d  by th e  s t a n d a r d  sodium h y d r o x id e  
method o f  S h r i n e r ,  Fuson and C u r t i n 2  ^ w i t h  s u i t a b l e  m o d i f i c a ­
t i o n s .  P r e p a r a t i o n  o f  0 - m e t h y l - p - c h l o r a c e t o p h e n o n e  oxime by 
m e t h y l a t i o n  o f  th e  oxime v . i th  m e t h y l  i o d i d e  o r  m e th y l  s u l f a t e  
a c c o r d i n g  to  p r o c e d u r e s  o f  Brady and c o v o r k e r s 2 *^*4  ^ a lw a y s  
gave r i s e  t o  u proc u c t  w h ic h  was c o n t a m in a t e d  by th e  p a r e n t  
k e t o n e ,  th e  amount o f  c o n t a m i n a t i o n  b e i n g  d e p e n d e n t  upon th e  
s p e c i f i c  c o n d i t i o n s  used* The p r e s e n c e  of  t h e  c o n ta m in a n t  was 
d e t e c t e d  by an a b s o r p t i o n  band a t  1685  cm” .^, c h a r a c t e r i s t i c  
o f  th e  c a r b o n y l  o f  p - c h l o r a c e t o p h e n o n e , i n  th e  i n f r a r e d  
spec tru m  o f  th e  p r o d u c t .  B in c e  t h e  k e t o n e  p r e s e n t  w i t h  t h e  
oxime e t h e r  no doubt  a r o s e  from h y d r o i y s i s ,  d u r in g  t h e  m e t h y l -  
a t i o n  o f  th e  to- m e t h y l a t e d  oxime ( o r  n i t r o n e ) w h ic h  i s  u s u a l l y  
formed a s  a s i d e  p r o d u c t  i n  t h i s  re; t i o n ,  p - c h l o r o a c e t o -  
phenont; oxime was m e t h y l a t e d  under c o m p l e t e l y  anhydrous  
c o n d i t i o n s  by t r e a t i n g  i t s  sodium s a l t  w i t h  m e th y l  s u l f a t e  
in  a b s o l u t e  m e t h a n o l .  i h a t  t h e  d e s i r e d  p r o d u c t  v a s  o b t a i n e d  
by t h i s  method was shown by th e  f a c t  t h a t  i t s  sp e c tru m  was 
s u p e r im p o s a b le  on t h a t  o f  t h e  p r o e u c t  o b t a i n e d  from t h e  r e ­
a c t i o n  o f  p - c h lo r o a c e to .p h e n o n e  v . i th  methoxyamine h y a r o c h l o r i d e ; 
n e i t h e r  spe c tru m  c o n t a in e d  th e  band, a t  1685  cmr  ^ m e n t io n e d  
a b o v e .  .
B ec ause  th e  m e th y la t ' io n  p r o c e d u r e s  f o r  t h e  p r e p a r a t i o n  
o f  oxime e t h e r s  were c o m p l i c a t e d  by s i d e  r e a c t i o n s  a p d .g a v e  
low y i e l d s  o f  t h e  d e s i r e d  p r o o u c t ,  th e y  v.ere abanconed  i n  f h v o r
of  th e  more d i r e c t  and u n e q u i v o c a l  p ro ce d u re  u s i n g  m eth o x y -  
amine h y d r o c h l o r i d e *  With the  e x c e p t i o n  o f  a s m a l l  amount  
o f  O - m d t h y l - p - c h lo r o a c e t o p h e n o n e  oxime pr.epared by t h e  
anhydrous  m e t h y l a t i o n  p r o c e d u r e  d e s c r i b e d  above ,  th e  oxime  
e t h e r s  used  f o r  t h i s  i n v e s t i g a t i o n  w ere  p r e p a re d  by r e a c t i o n  
o f  th e  k e t o n e s  v . i th  methoxyamine h y d r o c h l o r i d e .
A n a l y t i c a l  Methods
The c o m p o s i t i o n  o f  the  m ix t u r e  o f  am ines  r e s u l t i n g  
from the  r e d u c t i o n  o f  th e  o x im es  w i t h  l i t h i u m  aluminum h y d r id e  
u s u a l l y  has  b een  d e te rm in ed  by s e p a r a t i o n  and i s o l a t i o n  o f  
t h e  am ines  o r  some s u i t a b l e  d e r i v a t i v e ,  and the  p e r c e n t a g e  
y i e l d s  have been b a se d  on t h e  q u a n t i t i e s  o f  p r o d u c t s  a c t u a l l y  
i s o l a t e d .  The data  so  o b t a i n e d  are  n o t  v e r y  s u i t a b l e  f o r  a 
q u a n t i t a t i v e  s t u d y  o f  th e  r e a c t i o n ,  s i n c e  wide v a r i a t i o n s  i n  
r e s u l t s  have been e x p e r i e n c e d  from d u p l i c a t e  r u n s ? ,  p r o b a b ly  
as  a r e s u l t  o f  m e c h a n ic a l  l o s s e s .  The p r o d u c t s  o b t a i n e d  from  
th e  r e u u c t i o n  o f  a r o m a t i c  k e t o x im e s  seemed e s p e c i a l l y  s u i t e d  
f o r  a n a l y s i s  by a c i a i m e t r i c  t e c h n i q u e s ,  b eca u se  of  th e  l a r g e  
d i f f e r e n c e  i n  b a s i c i t y  o f  th e  t v o  amines  p r o u u ced ,  one b e in g  
a l i p h a t i c ,  ana th e  o t h e r  a r o m a t i c .  A number o f  such  amine  
m i x t u r e s  have been d i f f e r e n t i a l l y  t i t r a t e d  in  n o n -a q u e o u s  
s o l v e n t  s y s t e m s ^ * ^ .
The f i r s t  method employed i n  t h i s  s t u d y  i n v o l v e d  t h e  
use  o f  i n d i c a t o r s  (method A ) .  In  a p r o c e d u r e  a d a p te d  from  
t h a t  o f  P a l i t ^ ,  a l i q u o t s  o f  e t h e r e a l  s o l u t i o n s  o f  th e  
p r o u u c t s  o b t a in e d  from r e a u c t i o n  of  t h e  o x im e s ,  a l t e r  d i l u t i o n
w i t h  an a p p r o p r i a t e  amount o f  e t h a n o l  and e t h e r ,  werp t i t r a t e d  
w i t h  a 0 . 1  n o rm a l  s o l u t i o n  p f  h y a r o c h l o r i c  a c i d  i n  non-iaqueoud . 
s o l v e n t  (a  9 H  m i x t u r e  o f  e t h a n o l  and e t h y l e n e  g l y c o l ) .  The 
a l i p h a t i c  amine c o n t e n t  was d e t e r m i n e d  by t i t r a t i o n  t o  t h e  
end p o i n t  o f  b r o m c r e s o l  g r e e n  (pH r a n g e ,  3 . 8 - 5 » 4  i n  w a t e r ) ,  
w h i l e  t h e  amount o f  a r o m a t i c  am ine p r e s e n t  was d e t e r m i n e d  by  
t i t r a t i o n  t o  t h e  end p o i n t  o f  t h y m o l  b l u e  (pH r a n g e ,  1 . 2 - 2 . 8  
i n  w a t e r ) .  T h i s  m e th o d ,  when u se d  w i t h  amine m i x t u r e s  o f  
known c o n c e n t r a t i o n ,  g a v e  r e s u l t s  w h ic h  w ere  c o n s i d e r e d  t o  be 
s u f f i c i e n t l y  a c c u r a t e  i n  v ie w  o f  t h e  p o s s i b l e  s o u r c e s  of  
e x p e r i m e n t a l  e r r o r  i n h e r e n t  i n  t h e  m e th o d .  A n a l y s e s  of  t h e  
p r o d u c t  m i x t u r e s  o b t a i n e d  fro m  d u p l i c a t e  r u n s  o f  the  l i t h i u m  
aluminum h y d r i d e  r e d u c t i o n  o f  p - m e t h y l a c e t o p h e n c n e  ox im e  
showed an a v e r a g e  d e v i a t i o n  o f  l e s s  t h a n  2> ( S e e  T a b l e  I ) .
I n  s p i t e  o f  t h e  r e p r o d u c i b i l i t y  o f  r e s u l t s  o b t a i n e d  
by m eth od  A, i t  was s u b s e q u e n t l y  shown t h a t  t h e  r e s u l t s  w ere  
n o t  s u f f i c i e n t l y  r e l i a b l e  f o r  t h e  p u r p o s e  of  t h i s  i n v e s t i g a t i o n  
( s e e  T a b le  I ) .  T h is  was n o t  c o m p l e t e l y  u n e x p e c t e d  s i n c e  t h e r e  
were s e v e r a l  s o u r c e s  of e r r o r  i n h e r e n t  i n  t h e  u s e  of  t h i s  
m e th o d .  I’i r s t  o f  a l l ,  b e c a u s e  o f  t h e  d i l u t e  s o l u t i o n s  b e i n g  
t i t r a t e d ,  t h e  end p o i n t s  were n o t  sh a rp  and had t o  be d e t e r m i n e d  
by r e f e r e n c e  t o  c o l o r  s t a n d a r d s  r e p r e s e n t a t i v e  pf  th e  end  
p o i n t  c o l o r s  f o r  e a c h  o f  t h e  i n d i c a t o r s .  S eco n d ly . ,  th e  e f f e c t  
o f  d i f f e r e n t  s u b s t i t u e n t s  -on t h e  p n ^ ' s  o f  t h e  two amine t y p e s  
( I I  and I I I ) - ^  was n o t  t a k e n  i n t o  a c c o u n t .
These  d i f f i c u l t i e s  w e r e  c i r c u m v e n t e d  by th e  u s e  o f  
p o t e n t i o m e t T i c  t e c h n i q u e s .  .The p o t e n t i o m e t r i c  p r o c e d u r e  o f
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P a l i t ^  was fo u n d  t o  be s u i t a b l e  f o r  t h e  t i t r a t i o n  o f  r ed * u c t io n -  
prodcrct.  m - i x t u r e e - c o n t a i n i n g  a’rv a r o m a t i c  am ine  whose b a s i c i t y  
was e q u a l  to. o r  g r e a t e r  t h a n  t h a t  o f  a n i l i n e ' .  A 1 : 1  m i x t u r e  
o f  e t h y l e n e  g l y c o l  and i s o p r o p y l  a l c o h o l  was u se d  a s  s o l v e n t  
f o r  t h e  t i t r a t i o n  medium, and a 0 . 2  n o rm a l  s o l u t i o n  o f  h y d r o ­
c h l o r i c  a c i d  i n  t h e  same s o l v e n t  m i x t u r e  was u se d  a s  t i t s a n t  
(method B ) .
j o r  r e a u o t i o n - p f o u u c t  m i x t u r e s  c o n t a i n i n g  an a r o m a t i c  
amine v.hose b a s i c i t y  was l e s s  th a n  t h a t  o f  a n i l i n e ,  a more 
w e a k ly  b a s i c  s o l v m t  s y s t e m  c o n s i s t i n g  o f  a 2 : 1  m i x t u r e  of  
a c e t o n i t r i l e  and c h l o r o f o r m  was em ployed  a s  t h e  t i t r a t i o n  
meaium, anu th e  more s t r o n g l y  a c i d i c  p e r c h l o r i c  a c i d  ( 0 . 2  
norm al)  i n  d i o x a n e  a s  t i t r a n t  (m ethod  C ) ,  T h i s  c o m b i n a t i o n  
was much more v e r s a t i l e  t h a n  t h e  o n e  u se d  i n  method B, f o r  i t  
c o u ld  be used  n o t  o n l y  t o  d i i f e r e n t i a l l y  t i t r a t e  m i x t u r e s  o f  
a m i n e - t y p e s  I I  and I I I  c o n t a i n i n g  v e r y  weak a r o m a t i c  a m in e s ,  
but  a l s o  t c  d i i - e r e n t i u l l y  t i t r a t e  m i x t u r e s  o f  p r im a r y  and 
s e c o n d a r y  a l i p h a t i c  a m in e s - ^  w hich  m ig h t  be e n c o u n t e r e d  in  
th e  r o u u c t i  on o : e l  i i n t i c  r;«. tox i r . e s  w i t h  J i t  id  urn aluminum  
h y c r i c e  Ll rec u c t i v e  r ea r r a n g e m e n t  o c c u r r e d .  l . i x l u r e s  o f  
prim ary  and s e c o n c a r y  a l i p h a t i c  a m in e s ,  h o . . e v e r ,  must  f i r s t  
be t r e a t e d  ■» i t h  s a l i e v  1 - lc  e b y e e  t o  c o n v e r t  th e  primary amine  
t o  the weaker  o c h i f f  b a se  w h ic h  can t h e n  be d i f f e r e n t i a  i i y  
t i t r a t e d  from  th e  s e c o n d a r y  amine •- h o se  b a s i c  s t r e n g t h  r e m a in s  
u n ch a n g ed ,  . a n a l y s e s  o f  t h e  b a s i c  p r o d u c t s  o b t a i n e d  from t h e  
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aAt r e i l u x  temp, o f  e t h e r .  6 (amine I l+ a m i n e  I I I ) /  
oxime x 1 0 0 .  c amine I I I / ( a m i n e s  I I  + i l l }  x 1 0 0 .  d« - i n e i c a t o r  
t i t r a t i o n ;  B - p o t e n t i o r e t r i e  t i t r a t i o n  u s i n g  1 : 1  E t h y l e n e  
O l y c o l i s o p r o p y l  - . i e o n o l  m ix t u r e  a s  t i t r a t i o n  medium w i t h  0 . 2  
a hCl i n  same s o l v e n t  m ix t u r e  a s  t i t . r a n t ;  C - p o t e n t i o m e t r i c  
t i t r a t i o n  u s i n g  2 : 1  a c e t o n i t - r i l e - c h l o r o f o r m  m ix t u r e  as
4 i n  (iioxarn. a s  t i t r u n t .LAH ( s l u r r y )  i n  200  m l .  o f  
mole o f  Laii ( s l u r r y )  i n  
t i m e ,  r e f l u x  t im e 8 h r s .  
1 1 . 3  h r s .  i ’fhe norm al  r e -
t i t r . - t i o n  medium w i t h  u,.-- R iiClC 
e 0 . 0 i  - .o le  O: o x im e ,  . n l  mole o
e t h e r ;  I 0 .(J2 mol^e or ox im e ,  J .0 5 5  
200  m l .  o f  e t h e r ;  S T o t a l  r e a c t i o n  
h f o t a l  r e a c t i o n  t im e ,  r e f l u x  t ime  
a u c t i o n  pro not  appeared  to  be c o n t a m i n a t e d  w i t h  a n o t h e r  
a l i p h a t i c  am ine ,  but no d e r i v a t i v e  c o u ld  be o b t a i n e d .  j T o t a l  
r e a c t i o n  t i m e ,  r e f l u x  t im e 29 h r s .  ^0 . 0 1  mole o f  ox im e;
0 . 0 2 3  mole  o f  LAH ( s l u r r y )  i n  100 m l .  o f  e t h e r ;  i T o t a l  r e ­
a c t i o n  t i m e ,  r e f l u x  t im e  3 7 . 5  h r s .  ^ T o t a l  r e a c t i o n  t i m e ,  
r e f l u x  t im e  2 4 . 5  h r s .  nf o t a l  r e a c t i o n  t i m e ,  r e f l u x  t im e  
21  h r s .  °Amine t y p e  I I I  from p h e n y l  m i g r a t i o n ;  about  8 p  o f  
a t h i r a  amine b e l i e v e d  t o  be L - i s o p r o p y l b e u z y l a m i n e  was a l s o  
p r o u u c e d .  P i o t a l  r e a c t i o n  t i m e ,  r e i l u x  t im e  $ h r s .  lAmine  
t y p e  I I I  from p h e n y l  m i g r a t i o n ;  a b o u t  1>  o f  a t h i r d  amine  
b e l i e v e d  t o  be I \ i - i s o p r o n y lb e u z y la m in e  was a l s o  p r o u u c e d .  
r ±he e x p e c t e d  pr im ary  amine was th e  o n l y  one shown t o  be 
p r e s e n t .
L f f e c t  o f  p a r a - L u b s t i t u e n t s  * . . .       •
• * • * * • *
' . .The* d a t a  i n  T a b le  I  s u p p a i t  t h e ’ c o n c l u s i o n  q f  Lyle’
.  '  •  • • ,  ’ * : * • *
ana T r o s c i& n i ’e c  t h a t ,  i n  t h e  r e a c t i o n  o f  p a r a - s u b s t i t u t ’ed
a c e t o p h e n o n e  o x im e s .  w i t h  l i t h i u m  aluminum -hydride. ,  e . l e c t r o n -
. re  l e a  sing. prq u p s  in cy ea s fe  t h e  r e l a t i v e  amount o f  r e d u c t i v e  " 
2‘e a r r a n g e m e n t  p r o u u c t  .which i s  f o r m e d .  The d a t a  f u r t h e r  
r e v e a l  t h a t  e 1 e c t  ron - r e  l e  a si-in • s a b s t . i  t u e n t  s d e c r e a s e  th e  
o v e r a l l  r a t e  o : r < . s u c t i o n ,  vh.i ch i s  n o t  u n ex p ec ted -  f.or a 
r e a c t i o n  of t h i s  • typ e  i n v o l v i n g  th e  ' n u r l b o n h l l i e  a t t a c k  of a 
s u b s t r a t e  hy hy ice -  i o n .
ortho, Lf f e e t
The r e a c t i o n  o f  o r t h o - s u b s t i t u t e d  a c e t o - ' h e n o n e s  '-i'tli • 
l i t h i u m  aluminum h y o r i o e  shu'-ed t h a t  t h e  o:‘t.ho s u b s t i  tu*nt, had 
a p c o fo u n e  e f f e c t  on t h e  r a t e  o f  r e o u o t i o n  and t h e  r e l a t i v e  
amount o f  r e d u c t i v e  re a rr; • rigement p r o u u c t  o b t a i n e d .  ' h)ach o f  
the t h r e e  o r t h o - s u b s t l t u t e d  compounds s t u d i e d ,  o - m e t h y l - ,  
o - c h l o r o - ,  end o - m e t h o x y - n c e t o p i i e n o n e  o x im e ,  g a v e  a s m a l l e r  
pe rc- nt:* a O:, e r r  ;..ent p -o-..uct tnnn ui»i th e  c o r r e s p o n d i n g  
u a r a - s m  s t i o u u - u  coxpounc . 1‘u r th er m o r e  , t h e  o-iae t h y l -  and 
o - c h l o r o - s u b a t i t u - ' - n t s  r e t a r d e d  th e  r a t e  of r e a c t i o n  c o n s i d e r ­
a b l y ,  r h e r e a s  t h e  o -m e th o x y  s u b s t i t u *  n t  a c c e l e r a t e d  i t .  Thus ,  
th e  e f f e c t  o f  o r t h o  s u b s t i t u e n t s  on t h i s  r e a c t i o n  a p p e a r s  to  
be t ju i t e  d i f f e r e n t  f ro m  t h a t  o b s e r v e d  by P e a r s o n  and C o l e ^  
i n  th e  neckmann r e a r r a n g e m e n t  i n  v.hich. o - m e t h y l - , o - c h l o r o -  
and o - n i t r o -  s u b s t i t u t e d  a c e t o n h e u o n e s  u n d erw en t  r e a r r a n g e m e n t  
"much- mo he. r e a u i l y  t h a n -  t h e  c o r r e a 'p o n e in g  p ara-  s u b s t i t u t e d  
compounds,  • .
On thfe a s s u m p t i o n J t h a t  t h e - e l e c t r i c a l ’e f f e c t  o f  t h e
g r o u p s  i e  t h e  snpfe i n ' . t h e  o r t h o  a s  in -  t h e ’ pfeira p o s i t i o n * -, •
P e a r s o n . a n d  Cole^® a u g c e s t i  « t h a t  t h e  a c c e l e r a t e d - r a t e  of .
•  •
•  "  * • *
r e a r r a n g e m e n t  was d u e ’ t o  s t c r i c  e f f e c t s  o f  the  o r t h o  s u b s t i -
t u t ’e n t s .  i’hi.s s t e r i c  e f f e c t  was b e l i e v e d  t o  o p e r a t e  by  
. p r e v e n t i n g  c o p l a n a . r i t y  b e tw ee n  t h e  b en z en e  r i n g  and t h e  oc-  
o x i -m in o e t h y l  g r o u p i n g  ( -C=i'.OHCH^ ) . • d i n c e  e v i c e n c e  was  
p r e s e n t e d  i n  s u p p o r t  • o f • t h i s  v i e w ,  i t  was f u r t h e r  s u g g e s t e d  
t b s  t. one o f  th t  i n i t i a l  s t e p s '  i d  the- rear,  ran--.e.meiit i n  any  
a c e t o p h e n o n e  ox im e i s  .th>. t w i s t i n g  o- the  cx-ox i m i n o e t h y l  
group o u t  o f  th e  .plane o f  t h e  r i n g '  so  t h a t  t h e  n i t r o g e n  and 
ca rb o n  atom's p i c t u r e d  a r e  e q u i d i s t a n t .  anove  and below t h e  
p la n e  of  t h e  r in g .  ( I ' i g .  l ) ; th e  p r o c e s s  o f  n i t r o g e n - r i n g  bond 
f o r m a t i o n  and c a r b o n ^ r i n g  bone b r e a k i n g  i s -  t h u s  f a c i l i t a t e d ,  
■in o r t h o - s u b s t i t u t e d  a c e t o p h e n o n e  o x im e s  th e  t w i s t i n g  o u t  of  
th e  p l a n e  o f  th e  r i n g  i s  a l r e a d y  a c c o m p l i s h e d ,  and the  e n e r g y  
r e q u i r e d  f o r  a c t i v a t i o n  may, t h e r e f o r e ,  be d i m i n i s h e d  *
b i g .  1
'*Any d i f  e r e n c e .  i n  t h e  e l e c t r i c a l  e n e c t  o f  a s u b s t i t u e n t  
i n  t h e  o r t h o  and para  p o s i t i o n  would be du-a t o  i t s  i n d u c t i v e  
e f . e c t  anu, o r  t h e  o - c h l o f o -  and o - n i t r o - s u b s t i f u e n t s ,  t h i s  
v o u l a  o p e r a t e  t o  h i n d e r  th e  r a t e  o f  r e a r r a n g e m e n t .
• F u r t h e r  s u p p o r t  f o r  thJLs ' ty p e  o f  i n t e r m e d i a t e  came
f r b m ‘tm i n v o s t  ig ' / i t i  on * by ’Huijsgen aiid • c ' o w o r k e r s ^ l  on t h e  r e -
•  * •
l a ^ e d  Chapman’ r e a r r a n g e m e n t  o f  compounds o f  t y p e  31. ’The .
 ^Lureo f them is try  o f  t h e  '■ i n t e r m e d i a t e  X I ' .re  q u i r e s  t h a t  t h e  ’ 
m e t h y l e n e  g rou p  a t t a c h e d  t o  t h e  p h e n y l  r i n g  a n d  t h e  one  
a t t a c h e d  t o  t h e  t h r e e -m e m b e r e d  r i n g  b e ■i n  th e .  p l a n e s  o f  t h e s e  
two r e s p e c t i v e  r i n g s ;  t h e  r i n g s . ,  i n  t u r n ,  m ust  be  p e r p e n ­
d i c u l a r  t o  e a c h  o t h e r .  T h i s  s t e r i c  r e q u i r e m e n t ,  can be
/
f u l f i l l e d  w i t h o u t  s t r a i n i n g  t h e  m o l e c u l e  o n l y  i n  compounds  
where  n=S o'r m o r e .  fh e  r e s u l t s  o b t a i n e d  from a s e r i e s  o f  
compounds . a tu a i t - c i , \ h e r e  n = ^ - £ ,  a r e  c o n s i s t e n t  w i t h  an i n t e r ­
m e d i a t e  01 t y p e  X I ,
i A
♦ P r o d u c t s
:ci
t h e  r e s u l t s  . o b t a i n e d  from, f h e  r e u u c t i v e  r e a r r a n g e m e n t  
o f  o r t h o - s u b s t i t u t e d  a c e t o .p h e n o n e s  w i t h  l i t h i u m  alum inum  
h y d r i d e  i n  t h i s  i n v e s t i g a t i o n ,  ana. t h e  r e s u l t s  r e p o r t e d  by  
I . I a r fe n i s h  ana I t a g n i e n ^  on compounds'IV-,  V.I', and V I I I  do n o t  
■appear t o  be c o n s i s t e n t  w i t h '  t h o s e ’ o b s e r v e d -  i n  t h e  Beckmann  
o r  Chapman r e a r r a n g e m e n t s  o f - t h e ' s a m e  o r .  r e l a t e d  com p ou nd s .
T h i s  wqulo- s u g g e s t  t h a t ,  t h e  r e d u c t i v e '  rearran"-erne nt  ^p r o c e e d s ,  
by a d i f f e r e n t  t y p e  bf  i n t e r m e d i a t e • .
Oxime B t h e r s  ■ ,
On r e a c t i o n  o f  l i t h i u m  aluminum h y d r i d e  w i t h  o x im e s ,  
h y d r o g e n  i a  e v o l v e d  t o  an e x t e n t  v .h ich  c o r r e s p o n d s  t o  t h e  
rem o v a l  of-  one  a c t i v e  h y u ro g en  p e r  m o l e ^ .  On r e m o v a l  o f  
t h i s  a c t i v e - h y u r o g e n  an e t h e r - s o l u b l e  com plex  i s  form ed w h i c h  
i a  n o t  th e  l i t h i u m  s a l t  o f  t h e  o x im e ,  s i n c e  the  l a t t e r  was  
p r e p a r e d  by r e a c t i o n  of  an ox ime w i t h  p h en y l  ' l i t h i u m  and wes  
fou nd  t o  he i n s o l u b l e  i n  e t h e r .
The r o l e  o f  t h i s  o x im e  co m p le x  i n  t h e  r e u u c t i v e  r e a r ­
rangem ent  was i n v e s t i g a t e d  by c a r r y i n g  o u t  th e  r e d u c t i o n  o f  
0 - m e t h y l  e t h e r s  o f  p - m e t h o x y - ,  o - m e t h o x y -  and p - c h l o r o -  
a c e t o p h e n o n e  o x i m e ,  i iach  o f  t h e s e  oxime e t h e r s  u n d erw en t  
r e d u c t i o n  a t  a s l o w e r  r a t e  and ga v e  a d e c r e a s e d  amount o f  t h e  
r e a r r a n g e m e n t  p r o c u c t  a s  compared t o  t h e  o x im e s  t h e m s e l v e s  
( T a b l e  I ) .  T h i s  e f f e c t  was v e r y  p ro n o u n ced  w i t h  r e g a r d  to  
th e  p - c h l o r o -  and p - m e t h o x y - a c o t o j h e u o n e  ox im e  e t h e r s ;  th e  
r a t e  01 r e d u c t i o n  01 t h e s e  t . o  compounds was d im in i s h e d ,  about  
t e n - f o l d ,  no  r e a r r a n g e m e n t  p r o u u c t  was o b t a i n e d  from  t h e  
fo r m e r  w h i l e  t h e  amount o b t a i n e d  from  th e  l a t t e r ,  e v en  t h o u g h  
a p p r e c i a b l e ,  was s i g n i f i c a n t l y  l o - e r  than  t h a t  o b t a i n e d  from  
th e  oxime i t s e l f .  T h ese  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h o s e  
r e p o r t e d  by l i x n e r ^ l  on t h e  r e d u c t i o n  o f  O-bexizy l  a c e t o -  
p h en on e  o 'x im e.
» o  •
The f a c t  t h a t  t h e  o x im e  e t h e t s  u n c e r g o  r e d u c t i o n -  a t  ft
,  •  » •• • •
s l o w e r  r a t e  t h a n  t h e  ' c o r r e s p o n d ’in g  p x im e e  was a b i t  ^ s u r p r i s i n g ,
s i-nce oi^e m ig h t  e x p e c t  t h a t  t h e  a n i o n  fo rm ed  by t h e  p r e l i m i n a r y
r e a c t i o n ’ o f  an ox ime v d t h  l i t h i u m  aluminum h y d r i d e  ( - O N - 0®)
w ould  i n h i b i t  f u r t h e r  n u c l e o p h i l i c  a t t a c k  fry h y d r i d e  i o n ;
•  •  #,
* * •  *
t h u s  t-he oxime e t h e r s  would be e x p e c t e d  t o  u n d ergo  r e d u c t i o n  
a t  a f a s t e r ' r a t e  th a n  t h e  o x im e s  t h e m s e l v e s .  The . o b s e r v e d  •
r e s u l t s  a r e  c o m p a t i b l e  o n l y  i f  a c o o r d i n a t e d  c om p le x  o f  t h e
©' • . ©  
t y p e  -CsiM-OhlK^ i s  a mo e p o w e r f u l  r e c u s i n g  a g e n t  t h a n .A lH ^ .
i t s e l f ,  op i f  t h e  o x im e  a n i o n  p l a y s  a p a r t  i n  t h e  r e d u c t i o n .
The ox im e a n i o n ,  or  i t s  c o o r d i n a t e d  .complex;  d e f i n i t e l y  s t e m s  . 
t o  p l a y  an i m p o r t a n t  p o r t  i n  t h e  r e d u c t i v e  r e a r r a n g e m e n t  s i n c e  
th e  ox im e  e t h e r s  g a v e  d e c r e a s e d  r e l a t i v e  amounts  o f  t h e  r e a r ­
ra n g em en t  product '  by c o m p a r i s o n  w i t h ' t h e  r e l a t i v e  amounts  
o b t a i n e d  from  t h e  c o r r e s p o n d i n g  o x i m e s .
The a n o m a lo u s  r e s u l t ' s  o b s e r v e d  i n  t h e  r e d u c t i o n  o f  
o - m e t h o x y  a c e t o p h e n o n e  o x im e -a n u  i t s  O -m e th y l  e t h e r  m u st  be  
a t t r i b u t a b l e - ' t o  some s p e c i a l  e f f e c t  o f  th e  o-jmethoxy. g r o u p ,  
one su.ch e f f e c t  v .o u l t  be t h e  c o o r d i n a t i o n  o f  t h i s  grou p  v i t h  
aluminum h y a r i d e  ( i i g .  2 ) ,  w hereupon t h e  erluminuni h y d r i d e  
m o i e t y  would  be s u i t a b l y - p . l a c e d  - for  v e r y  f a c i l e  a t t a c k  by  
h y d r i a e  i o n - o n  e i t h e r  th e  ca rb o n  o r  n i t r o g e n  atom o f  t h e  
o a r b e n im in e  f u n c t i o n .  *
K i n e t i c s  * . . .
* • .
•  «  e  • * * » •  *
’ P r e v i o u s  at tem pts^  tcf i s o l a t e  an i n t e r m e d i a t e *  i n  t h i s  
r e a c t i o n '  Were u n s u c c e s s f u l *  a s  wene t h o s e  o f  t h i a  ‘p r e s e n t  
i n v e s t i g a t i o n .  F!tom a m i x t u r e  o f  a 4 : 1  m o la r  r a t i o - o f -  p -  
m e th y la c ' e t o p h e n o n e  oxime-arid  l i t h i u m  aluminum h y d r i d e ,  -w h ich  
was h e a t e d  under  r e f l u x  f o r  10 h o u r s ,  the, ox im e  was r e c o v e r e d  
i n  77% y i e l d  a f t e r  h y d r o l y s i s .  S in ce ,  r e m o v a l  o f  a c t i v e  • 
h y d ro g en  a l o n e  was n o t  s u l i i c i e n t  t o  c a u s e  r e a r r a n g e m e n t  ’to  
an amide a s  a- p o s s i b l e  i n t e r m e d i a t e ,  th e  e x p e r i m e n t  was r e ­
p e a t e d  u s i n g  a - 2 : ' l  m o la r  r a t i o  o f  the  same o x im e  w i t h  l i t h i u m  
■aluminum h y d r i d e .  T h i s  would  f u r n i s h  s u x f i ' c i e n t  c o m p le x  h y d r i d e  
n o t  o n l y  t o  remove t h e  a c t i v e  hyurogen  from  t h e  o x i m e ,  b u t  
a l s o  t o  f u r n i s h  .some a d d i t i o n a l  co m p le x  h y a r i u e  w h ic h  m ight  
f u n c t i o n  a s  the. L ew is  a c i d *  w h ich  w ould  be r e q u i r e d  t o  e f f e c t  
su c h  a r e a r r a n g e m e n t - ^ .  From t h i s  l a s t  e x p e r i m e n t ,  o f
t h e  oxime was r e c o v e r e d  unchanged,  and 28/i ha.d u n d erg o n e  r e ­
d u c t i o n  t o  the- u s u a l  m i x t u r e  o f  a m i n e s .  There  was no e v i d e n c e  
o i  t h e  p r e s e n c e  o f  N - o c - p - m e t h y l p h e n y l e t h y l  h y d r o x y l a m i n e , a 
s e c o n d  p o s s i b l e  i n t e r m e d i a t e  w hich  m ig h t  have  been, e x p e c t e d  
irom . r e d u c t i o n  o f  t h i s  ox im e  w i t h  a ’ l i m i t e d ;  amount o f  l i t h i ’um 
aluminum h y d r i d e .
^ h e  L e w is  a c i d s  w h ic h  m ig h t  be p r e s e n t  i n  t h e s e  s y s t e m s ^ !  ?4 
a r e  AIH3 , AIH2OH, AlH(OH)2 ,• and A1 ( 0 RJ3 (0H=oxime a n i o n ) .  Of 
t h e s e ,  A l ( 0 h ) 3 , w h ic h  must  have  befcn p r e s e n t  i n  t h e  4 : 1  m o la r  
m i x t u r e  d e s c r i b e d  a b o v e ,  s h o u l d  be t h e  s t r o n g e s t  Le'wis a c i d  
i n  t e rm s ,  o f  e l e c t r o n i c  e f f e c t s ’- ^ ,  b u t  b e c a u s e  o f  i t s  l a r g e  
s t e r i c  r e q u i r e m e n t s ,  F - s t r a i n  p r o b a b l y  p r e v e n t s  i t  from b e i n g  
a b l e  t o  c o o r d i n a t e  r e a d i . l y  w i t h  o t h e r  s p e c i e s 3 5 . *
A tte m p ts  t o  f o l l o w  t h e  c o u r s e  o f  t h e  r e d u c t i o n  o f  p -  .
• —
* •
m e t h y l a c e t o p h e n o n e  ox im e  by r e c o r a i n g  t h e  u l t r a v i o l e t '  . spec trum  
' -  ' ’ 
o f  a r e a o t i o n  m ix t u r e  a t  d i f f e r e n t  t im e  i n t e r v a l s  were a l s e  
• • 
u n s u c c e ' s s f u l .  I t  was hoped t h a t  t h e  f o r m a t i o n  o f  an i n t e r ­
m e d i a t e  might* be d e t e c t e d  by .the a p p e a r a n c e ,  d u r i n g  t h e  c o u r s e  
o f  r e a c t i o n , - o f  a s p e c t r a l ,  band w h ic h  was n o t • common t o  any o f  
t h o s e  o f  th e  r e a c t a n t s  o r  p r o d u c t s ,  or' t h a t  i t  might ,  be  p o s s i ­
b l e  t o  s t u d y  t h e  r e a c t i o n  k i n e t i c a ’l l y  by f o l l o w i n g  _t h e  r a t e  
o f  a p p e a ra n c e  or  d i s a p p e a r a n c e  o f  a p a r t i c u l a r  band.  However,  
due t o  th e  n a t u r e  o f  t h e  s p e c t r a  ( F i g .  3 - 6 )  n e i t h e r  o f  the .se  
r e s u l t s  v.as a c h i e v e d .  • '
I n  v ie w  o f  th e  f a i l u r e  t o  i s o l a t e  o r  d e t e c t  th e  
p r e s e n c e  o f  an i n t e r m e d i a t e ,  a t t e n t i o n  was d i r e c t e d  to w a r d s  
a k i n e t i c  s tu d y  o f  th e  r e d u c t i o n  o f  p - m e t h y l a c e t o p h e n o n e  
oxime w i t h  l i t h i u m  aluminum h y d r i d e .  The c h o i c e  o f  t h i s  
oxime r e s t e d  on t h e  f a c t  t h a t  i t  g i v e s  n e a r l y  e q u a l  amounts  
o f - b o t h  t h e  normal and r e a r r a n g e d  red -u c t io n  p r o d u c t s  ( T a b l e  
I ) ;  hence  e x p e r i m e n t a l  e r r o r s  r e s u l t i n g  from tn e  q u a n t i t a t i v e  
he t e r m i n a t i o n  o f  r e d u c t i o n  p r o d u c t s  would j..-: - i z e d .
I n  a l l  o f  th e  r e d u c t i o n s  whose r e s u l t s  a re  summarized  • • « t 
•  *.
• i n  T ab le  I ,  l i t h i u m  a l u m in u m .h y a r iu e  was .used  a s  'a s l u r r y .
•  *
o i n c e  a k i n e t i c * s t u d y  would r e q u i r e  hom ogeneous  r e a c t i o n  
* •  •
c o n d i t i o n s  s o  t h a t  t h e  c o n c e n t r a t i o h s  o f  l i t h i u m  alumijnum 
•  «
h y a r i u e  j n  s o l u t i o n  c o u l d  be known w i t h  g r e a t e r  c e r t a i n t y ,
* • 0 * 0 s e v e r a l  t r i a l  runs w ere  c a r r i e d ' o u t  usi .ng  l i t h i u m  aluminum
.
o
h y d r id e  i n  s o l u t i o n  r a t h e r  t h a n  a s  a s l u r r y  t o  s e e  what
*
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' a v e l e n g t h ,  mp. .
i i g .  3 .  U l t r a v i o l e t  a b s o r p t i o n  s p e c tr u m  o f  0 . 5 6  M 
l i t h i u m  aluminum iiycir iue i n  a n h y d r o u s  . e t h e r , ' \ n u i x .








W a v e le n g th ,  rap
M g . - 4 .  U l t r a v i o l e t  a t . s o r p t i o n  spn-’ t r a :_  ,
1 . 0 0 6  x 10"^ M p-.T.n.thyl': cetOMheiune oxime in  a n n y u r c u s  
e t h e r ,  Xmax'. ( £”mux. )’’• 217 . (1 J , 400;  , 247 (15 , .» 0 0 ;
Xiuin. t ^ x a i a J * -  -223.5 ( 5 , 6 7 0 ; ;  ---------, 5 . 0 3  x 1 0 “  ^ U
p - m e t h y l a c e t o p h o u o n e  oxime- i n  th e  p r e s e n c e  o f  0»29  M 
T i t h i u m  aluminum hyctride i n  anhynrcua e t h e r ,  one hour  
a f t e r  m ix t u r e  a t  room t e m p e r a t u r e . *  •
"The t h a n e  o f  t h i s  c u r v e  was a l t e r e d  v e r y  l i t t l e '  a f t e r  
■ th e  s o l u t i o n  hact s t o o o  a t - room temperat>ure under n i t r o g e n  . 










W a v e l e n g t h ,  mp
t i g .  5 * U l t r a v i o l e t  a b s o r p t i o n  s p e c t r a : ______
i . 2 2  x - 1 0 “ 3 it J t - p ' - t o l y l e t h v l a m i n e  i n  ouhydrou-s  e t h e r ,  
Xmax, ( C / n a x . ) ’- 7^3  ( 1 , 6 ^ 0 ) ,  259 ( 3 0 3 ) ,  265 ( 3 5 4 ) ,
273 ( 3 1 0 ) ; X m i n. m i n . ) :  241 .(1-48 ) , .  261 ( 2 8 7 ) ,
270 ( 2 1 3 ) ; - -------- *» -3 .0 5  x 1 0 - W M a c - p - t o i y l e t h y l a m i n e
i n  t h e  p r e s e n c e  o f  0 . 2 9  M l i t h i u m  Sluminum h y d r i d e  i n  
n n h v d ro u s  e t h e r . *
• *The sh a p e  o f  . t h i s  c u r v e  was  e s s e n t i a l l y  t h e  same 
a f t e r  t h e  s o l u t i o n  had ‘s t p o d . a t  room t e m p e r a t u r e  u n d e r : 












W a v e l e n g t h ,  m|i
M g .  0 . U l t r a v i o l e t  a t s o r p t ; )n s p e c t r a :
1 . 6 1  x 1 0 _/* M n - e - t i i y i - p - t o l u i t :  i n e  i n  a n h y d r o u s  e t h e r ,  
^ n a x .  217 ( 3 7 2 9 0 ) ,  2^9 ( 1 0 , 4 U 0 ) , :  305 ( 1 , 8 0 0 ) ;
• * m in .  ( 6 m i n . y :  219 .5-  ( 3 , 2 3 0 ) ,  277 ( 5 5 9 ) ; --------- , 8 . 0 5
x  1 0 - 5  M h - e t h y l - p - t c l u i d i n e  i n  t h e  p r e s e n c e  o f  0 . 2 9  M. 




have  on t  h a ’outcom e q f . t l j e  T e ’a c t i o n .  A revrq,w* o /  t h e  d a t a  In
. •
T a-b ie ' II* s u g g e s t s  t h a t  t h e  change  from h e t e r o g e n e i t y ,  t o  homo-•' • •' ° ‘ ' \ . ; .
g e n e i t y .  a l t e r a  t h e  r a t e  o-f r e a c t i o n  s l i g h t l y  f o r  the  r e d u c t i o n  * . • • •
•  •
o f  p - m e t h y l -  and p - m e t h o x y - ’ace top h e 'non e  o x im e .  T h i s  e f f e c t  
may be due t o  i m p u r i t i e s  y»hich a r e  i n s o l u b l e -  i n  e th .er ,  o r  i t  
may he due t o  s u r f a c e  e f f e c t s .  The d i f f e r e n c e - i n  t h e ’ p e r - -  
o e n t a g e  o f  r e d u c t i v e  r e a r r a n g e m e n t  o b s e r v e d  f o r  p - m e t h y l -
a c e t o p h e n o n e  oxiiiie must  be. due t o  some o th er ,  f a c t o r  s i n c e
■ v a r i a t i o n s  o i  t h i s  ty p e  v.ere o b s e r v e d  even  i n  s e p a r a t e - homo-.
g e u c o u s  r e a c t i o n s  (Tau.le I I ) .
The a n a l y s e s  f o r  t h e  k i n e t i c  m e a su re m e n ts  would have
b een  g r e a t l y  f a c i l i t a t e d  i f  i t  had b een  p o s s i b l e  .to d i f f e r -  .
e n t i u l l y  t i t r a t e  th e  a m in e s  i n  th e  p r e s e n c e  o f  a n i o n i c  b a s e s
su c h  as l i t h i u m  and aluminum i s o p r o p o x i d e s .  Then,  a f t e r  a
sa m p le  o f  a r e a c t i o n  m i x t u r e  had b e e n  quenched  by th e  a d d i t i o n
o f  a c e t o n e ,  v .hich r a p i d l y  d ec o m p o se s  t h e  e x c e s s  l i t h i u m
aluminum h y d r i d e  t o  a m ix t u r e  o f  i s o p r o p o x i d e s ,  t h e  w hole
m ix t u r e  o f  a m in es  and a n i o n i c  b a s e s  c o u ld  be t i t r a t e d . .
•..1 though s i m i l a r  t y p e s  o i  m i x t u r e s  have bt- en  ' d i f f e r e n t !  a l l y
t i t r a t e d -^ , a t t e m p t s  t o  a p p l y  s u c h  t e c h h i  :u es  i n  t h i s  s t u d y
v e r e  n o t  s u c c e s s f u l .
The k i n e t i c  m e a su rem en ts  w ere  made by v.ithura^ i n g
a l i q u o t  p o r t i o n s ,  a t  d e f i n i t e  t im e  i n t e r v a l s ,  from a R e a c t i o n
m ix t u r e  w h ich  c o n t a i n e d  ' a • l a r g d  . e x c e s s  o f  l i t J i i d m  alu/riifium
h y d r i a e .  A f t e r  each ,  samp.le had b een  qu en ch ed  w i t h . w a t e r  and
t h e  . inso lubl .e  l i t h i u m  and alumitium h y d r o x i d e s  hed been  . r e -  • .
t , ♦ • 
mov.ed by f i l t r a t i o n ,  t h e  . amount o f  .amine s_ p r e s e n t  'was _
Compound
oh3 Y 3 ; = ch-
. '=s'  AOH
• O O o
o O o 0 0 0
• o o 0
• * • • 26• • • • 9 O• • • • ■
•
• • • e• • *




H e d u o t io i i  o f  A o e^ o p h ero n e Oximes  - i t h  n i t  h i  urn
‘iae ,  u:. d e r  He;l•••.•o ^ e n e o u s  and Homogeneous ne A
,i ons • * . •' . ’ •
R e a c t i o n P e r  c e n t p e r  c.ent A n a l .  ' •
Hun • Time heei u c t  iofi H e a r r . • L e t h o d
V* _• 3 h r  s . ’ 6 A. 3 - o . e B
V Is 3 :: r s . . AA. 9 A 3 .  Q . ' C
V-Ilt 3 nr s. 9.7 3 0 . 9 C
V I I I  u 3 h r s . 3-7. 9 A 3 . 2 f** ** V-/
IX* • 3 n r  s . •3 3 .;3 3 7 . 2  ' D
Ilf 3 h r s . ' 3 9 . 7 ?7 . 1  ■ Zj
I I I U- 3 h r s . A9.A 7 o . 3 Jj
O*•
a , b , o , a , f ,  s e e  f o o t n o t e s ,  T a b l e  I .  s 0 . 0 2 1  m ole  o f  
o x im e ,  O.OA3 mole  o f ' LAH ( s o l u t i o n )  i n  200 m l .  o f  e t h e r .  
t O . 0 2 0  m ole  o l  o x im e ,  0 . 0 6 6  inole  o f  LAH ( s o l u t i o n )  i n  200 m l .  
o f  e t h e r .  u0 . 0 1 0  mole  o f  o x im e ;  0 . 0 3 4  m o le  o f  LAH ( s o l u t i o n )  
i n  100 m l .  o f  e t h e r .
o
27 <
'd eterm ined '0 by ^ o t c n t i o m e t r i c  t i a t r a t i o n ; 0 th e .  amount o f  u n r e a c t e d
oxime was t h e n  c a l c u l a t e d * b y  d i f f e r e n c e .
•  •  •  '  •  .  •
• • .  • .  • •
• * • The d a t a  so  o b t a i n e d  w ere  c o n v e r t e d  t o  t h e  form  r e -
•  * •  •
q u ir e d  f o r  d e t e r m i n i n g  t h e  q r d e r  o f  t h e  r e a c t i o n  w i t h * r e s p e c t  .
•  •
•  •  •  •»  •
t o ' o x i m e  (Table ,  f j l ) .  I n  F i g .  7 ,  8 ,  and 9 a r e  p l o t t e d  t h e  
* •
•  •
d a t a  f o r ’ c o n c e n t r e t i o n  v s .  t i m e ,  t h e  l q g  o f  c o n c e n t r a t d o h
’ * ’ *v s .  t i m e ,  ana th e  r e c i p r o c a l  o f . c o n c e n t r a t i o n  v s .  t im e ,
•  .
r e s p e c t i v e l y .  For t h e  tv o' r u n s ,  th e  s l o p e  i s  ne’ar. ly  c o n -
•  •  *
aten.t  f o r  tlie.  f i r s t  o r d e r  plot' ,  bu t  v a r i e s  c o u s i n  r a b l y  for-  
th e  second  o r d e r  p l o t .  o u t  Of more s i g n i f i c a n c e ,  t h e  o b ­
s e r v e d  r o t e s  f o r  t h e  tv.o runs  w e r e  iound  t o  v a r y  d i r e c t l y  
w i t h  t h e  c o n c e n t r a t i o n  o f  ox im e  ( F i g .  7 ) .  Hence t h e  r e a c t i o n '  
a p p e a r s  t o 'b e -  f i r s ' t  o r d e r  w i t h  r e s p e c t  t o  o x i m e .  T h i s  would
seem t o  r u l e  o u t  t h e  p o s s i b i l i t y  o f  t h e  c o o r d i n a t e d  co m p le x
£> ' ’ - 
( - C » n - 0 -A lH 3 ) f u n c t i o n i n g  a s  a more p o w e r f u l  r e o u c i n g  a g e n t , .
u n l e s s  t h e  r e d u c t i o n  by su c h  a co m p le x  i s  i n t r a m o l e c u l a r .
An i n t e r e s t i n g ,  s i d e l i g h t  o f .  th e  h a t e  s t u d i e s  was t h e .
*
o b s e r v a t i o n  t h a t  t h e  r a t i o  o f  p r o d u c t s  o b t a i n e d  from  t h e  
r a u c t i o n  of  p-:r.e thyln.Cc to p h e n o n e  oxir .e  v a r i e s . ,  i t ! :  t im e  
•( fa t i e  i l l ) .  T h i s  su... e s t s  t h a t  t h e .  t  o- a m in es  may be formed  
by d i f f e r e n t  p a t h s  o r  from  a t  l e a s t  t o  i n t e r m e d i a t e s  (or '  
t r a n s i t i o n  s t a t e s ) ,  f o r  t h e  a m i n e s • a r e . n o t  i n t e r c o n v e r t  eu by  
l i t n i u m  aluminum h y d r id e '  ( - e e  F i g .  t  aha 6 ) .  . "
u ter eo 'c h e m i& tr y  an a lie c h h n i s m - • • ' ’ •
The s t e r e o c h e m i s t r y  or th e  r e a c t i o n ,  wan s t u d i e d  by . .
.
the r e d u c t i o n  of  t h e  synr ar-:o a n t i -  p h e n y l  i s o m e r s  o f  i s o n u t y r o - .
•  •  * •





TABLE I I I  c • • 0 .
*  •  •  °  9
A  *  ®  ®
* Rate  o f  R e d a c t i o n  o f  p-ivIethylaoetophfcnQne Oxime 
w i t h  Lith ium -Alum inum  H ydride
.Run I  a t  25.9* *> 0 . 1 d G
* • ^
a = 0 . 1 0 0 8 ,  i n i t i a l ' m o l a r  c o n c e n t r a t i o n  o f  oxime * .
x  = m o la r  - c o n c e n t r a t i o n  o f  t o t a l  amij ies  prod u ced  i n  t im e  t  * 
( a - x )  « m olar  c o n c e n t r a t i o n  o f  oxime a t  t im e  t  • • .
. . . .
Ter c e n t  Ter c e n t
Tim e( h r a . 1 X
O1—i •102 ( a - x ) - l o * ( a - x ) l / l a - x
0 1 0 . 0 8 0 . 9 9 6 9; 9
1.23-3 2 . 7 7 7 . 3 1 1 .1 3 5  ' 1 3 . 2
2 . 2 5 0  . 3 .51- 6.5.7 • 1 . 1 8 3 1 5 . >
3 .233. 4 . 0 3 . . 6 . 0 5 1 .  219 • •* • 1 6 . 6
4 . 2 6 7  - 5 . 1 5 - 4 . 9 3 • 1 . 3 0 8 • 2 0 . 3
5 . 3 3 3  ' 6 . 0 6 4..0 2 ' 1 . 3 9 4 2 4 . 6
• b . 3 6 6 b . 46 ’ 3 . 6 2 1 . 4 4 4 2 7 .8
7 . 2 8 3  ' • 6 . 9 5 3 . 1 3  • 1. 506 ’ 3 2 . 0
8 . 2 5 0 7 .  21 • 2 . 3 ? 1 • 540 3 4 . 7
2 . 2 5 0 •'7 . 5 2 2 .56 . . : 1 - 5 9 2 3 9 . 1
1 0 .8 6 6 7 . 8 2 2.  26 r .650 4 4 . 6
1 2 . 8 4 4 - 8 .1 2 1 . 9 6 1 . 7 0 7 5 1 . 0
221217 6 . 7 0 1 . 3 8  : 1 . 8 £ 4 7 1 / 5
Rim I I  a t 2 6 /J .J ^ 0 . 3 °  C .
2 7 . 5  4 8 . 1
3 4 . 8 .  4 8 . 8
4 0 . 0  £0 . 0
5 1 . 1  4 9 . 7
6 0 . 1  4 7 . 7
6 4 . 1  * 4 7 . 2
6 8 . 9  4 6 . 6
7 1 . 5  - 4 6 . 0
74 .’5 45 .8 .
7 7 . 5  4 5 . 3
8 0 . 5 ’ • 44*. 7
8 6 . 2  • . 4 3 . 7
a = O'. 0504
a > r  c e n t  To r  c e n t
Time{ h r s . ) • i o 2x 1 0 2 ( a - x ) • - l o ^ ( a - x ) l / l a - x )  ;2educt*ion h o r r .
0 5-.04 * 1 . 2 9 8  • 1 9 . 8
0 . 8 1 7 1 . 0 1 4 . 0 3 1 . 3 9 4  ' 2 4 .8 20 .0  • 43# 5
1 . 6 1 7 1 . 4 1 •3 ,6 3 1 . 4 4 0 2 7 .6 28 .0 * 4 6 . 6 .
2 . 4 0 0 1 . 9 3 . 3 .1 1 * 1 . 5 0 7 3*2.3 3 3 . 2 -4 7 .7
5 . 0 3 3 2 . 3.0 2 . 7 4 • 1 . 5 6 2  . 36.5" 4 5 . 7  * ‘ 4 7 . 2
'4 .650 7 . 9 0 2 . 1 4  . 1 . 6 6 9  • 4 6 . 7  ’ 5 7 .5 * 4 5 . 0
• 0 . 4 8 3 3 . 4 0 1 . 6 4 1 . 7 8 5  • 6 1 . 0  - 6 7 . 5  • 4 > .7
8.55Q . 3 . 7 8 1 . 2 6  . ] . 8 9 9 7 9 . 3 75**0 * 4 2 . 4
1 2 . 4 5 0 ’ 4 . 0 8 0 . 9 6 2 . 0 1 8 1 0 4 . 2 * 1 . 0 4 0 . 4
2 4 .5 5 0 * . 4 . 4 0 • o’. 64 2 . 1 9 4 1 5 6 . ^ 8 7 . 3 37.5
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T i n e , • h o u r s d
l i y , .  7 .  i<ate . o f  d i s ,m pp.oarMire o f  p ^ m e t h y l -  
e c e t o n h e n o n e  oxime o n  r e d u c t i o n  v . i t h  eX ce»^  l i t h i u m  
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C * •
l i e : .  8 .  l i r s t - o r . d e r  p l o t  o f  k i n e t i c  d a t a  from  
r e d u c t i o n ’ o f  p - m e t h y l a / ; e t o p h e n o n §  oxime.  * i t h  l i t h i u m  
















• T im e , 'h o u rs
' i ' i g .  9 .  s?® co n d - o r d e r  p l o t  • o f  K i n e t i c  d a t a  from
th e  r e d u c t i o n  *of p - m u t h y l a c e t o p h e n o n e  ox im e  w i th  
l i t h i u m  aluminum TTydride: * o  , H u n 'I ;  D.Run I I .
be s e e n  -tlfat t h r e e  p r o d u c t s  a p p e a r  t o  be formed from t h e  r e -  #
* • 0 o •
c fyc t ion  o f  e a c h  JLsomer: o c - n h e n y l i s o l  u t y l  amine ( t y p e  I I ) ,
e ®
f t - i s o b u t y l a n i l i n e  ( t y p e  I I I ) „  and ’l e s s e r  ’amounts  o f  a t h i r d
.
p r o d u c t  b p l i e v e d  *to .be N - b e n z y l  iq o p r o p y la m in ’e .  The p r o d u c t  
• • • * , «
o f  phfenyl m i g r a t i g n  (amine t y p e  I I I )  was t h e ‘p red o m in a n t  one
• . • . a * • •
formed i n  each. c a s e .• • •
•  t  •• • • «
.. The fo r m a t io n  o f  n - i e o b u t y l a n i l i n e  a s  t h e  major  « «
p ro d u c t  from, the  s y n - p h e n y l  i so m er  m ig h t  he e x p l a i n e d  in .  t erm s
• «
o f  ‘a p r e l ’ir i in a ry  i s o m c r i z a t i o n  to’ th e  a a**.- r V . i y l  i so m e r  in  
the p r e s e n c e  o f  .JlHo or some s i m i l a r  l e v  i s  a c i d ,  ^uch i s o -  
m e r l z a t i o n s  have been shorn t o  o c c u r  v . i th  b e n z g l c o x i m e s  i n  
th e  p r e s e n c e  o f  h y d ro g en  c h l o r i d e ’^ ® or  boron t r i f l n o r i d e ^ .
An e x p l a n a t i o n  o f  t h i s - t y p e  v a s  o f f e r e d  f o r  t h e  f o r m a t i o n  o f  
i s o b u t y r a n . i l i d e  from th e  Jeckmann r-ear-r* ngement o f  both  
i s o m e r s  o f  i s o b u t y r o p h e n o n e  oxime w i t h  hydrogen c h l b r i d e  in  
a c e t i c  a c i d ^ .  • •
However, . i t  i s  d i f f i c u l t  t o  r a t i o n a l i z e  th e  r e s u l t s  . 
of  t h i s  p r e s e n t  • s tudy i n  terms or? su c h  an i s o m e r i z a t i o n ,  s i n c e  
'the sy n - " h ‘:.j7l i s c r c r  ot i sc; ' i ty -o t  I er.one oxime whs r e c o v e r e d  
i n  •?•£' y i e l d  ir; o T ’e ’ orrr. . a l t e r  hyuro ' l .ys is  o f  ' a sample which  • 
had been t r e a t e d  w ith  l i t h i u m  aluminum h y d r id e  f o r  10 m i n u t e s ,  
f u r t h e r m o r e , ' i : rc-aucti on were p r e c e d e d  by a p r e l i  ' InarY i s o ­
m e r i z a t i o n ,  u n l e s s  it- v.ere - in s t a n t a n e o u s ,  th e  a n t l - n h e n y l  
i so m e r  would, have been e x p e c t e d ,  t o  u n d ergo  r e d u c t i o n  a t  a
s l i g h t l y  f a s t e r  r a t e  than . t h e  ‘syn- p h e n y l . s i n o e  t'he form er
* • •
a l r e a d y  p o s s e s s e s  the  r e q u i r e d  c o n f o r m a t io n  f o r  deckm ann-type
.r e a r r a n g e m e n t ,  hqwever,  th e  r e l a t i v e  r a te s -  were i l l  t h e  r e v e r s e• • •• •
o r d e r  ( §ee T ab le  I . ) . . : .






The n o n - s t e r e o s n e c i f i c i t y  o f  t h e  r e d u c t i o n  o f  t h e  two • *A — v O9 
9
9
i s o m e r s  o f  i s o b u t y r o p h e n o n e  o x im e  s u g g e s t s * t h a t  r e d u c t i v e  £ e a r -  
0 •  • 
ra n g e m en t  p r o b a b l y  o c c u r s  by way o f  a n o n - s t e r e o s p e c i i i c  *
•  8 • •
i n t e r m e d i a t e  oj* tr ;  n s i f i o n  s t h t e ;  b u t  *Wie f a c t  t h a t  t h e  .
A  ® •
r e l a t i v e  amount ®of r e a r r a n g e d  p r o u u c t  v a r f e s  w i t f *  t im p *(Tab l^
• • •
£ 1 1 ) • f u r t h e r  s u g g e s t s  t h a t  t h e  p r o d u c t s  a r e  formed by ’more *
• .  .  • •
t h a n  one r e a c t i o n  p a t h .  S e v e r a l  p o s s i b l e  r o u t e s  t o  t h e  f inaJ»s
* *. i
9 9 *
p r o u u c t^  a»e  b u t l i n e d  i n  b i g .  1 0 .  *Assuming t h ^ t  r e a r r a n g e m e n t
% * e c
o c c u r s  s i m u l t a n e o u s l y  w i t h  t*he a t t a c k  o f  h y u r i a e  i o n  on t h e
*• i
s u b s t r a t e  i n  a .  c o n c e r t e d  r ^ a c t i b n ,  s i n c e  m i g r a t i o n  v . i lh q u t
• .su c h  a t t a c k  v.ould l e a d  t o  t h e  f o r m a t i o n  o f  a car.bonium i o n  • •
i n t e r m e d i a t e  . .h i c h  v.ould n o t  be e x p e c t e d  in  s u c h  a s t r o n g l y  
• •
b a s i c  meuium, p a t h  A would be s t e r e o s p e c i i  i c ,  b u t - p a l h s  B
• • t t
snu C ..-ould n o t .  . * \
A l t h o u g h  p a t h  o c a n n o t  be e l i m i n a t e ’d by t h i s  4‘n v q s t i -  •
* • • •
g a t i o n ,  t h e r e  a r e  s e v e r a l  r e a s o n s . w h y  f e u u c t i o n  .by ‘t h i s  p a th  .
v.ould a p p e a r  tq  be u n l i k e l y ,  x i r s t  o f  a l l ^  s i n c e  h y a r o x y l -
. .
a « i n e  d e r i v a t i v e s  undergo  r e d u c t i o n  s l o w l y ,  o r  n o t  'at a l l ,
* • • 8 *
J1 A*1 I 2.v.ith l i t h i u m  .aluminum a v a r i c e ^  ' * * * one mi.-ht e x o e c t  t o• , •
be a c l e  t o  i s o l a t e '  or  d e t e c t  s u c h  ap i n t e r m e d i a t e  from  t h e  
8 * , • 
re (.ruction o f  o.ximes or  t h e i r  d e r i v a t i v e s  w i t h  t h i s  r e a g e n t .
In  thj. s i n v e s t i g a t i o n ,  no e m in e n c e  was found  . f o r  th e  p r e s e n c e  •
.  •«
o f  such an i n t e r m e d i a t e ,  e v e n  v hen a* l i m i t e d  amount o f
.  * *
l i t h i u m  aluminum h y u r i a e  was u se d ;  h o w e v e r ,  h y d r o x y la m in e
• • •
a e r i v a i  iveL have  b e e n  o b t a i n e d  f  rom *th*e r e d u c t i o n  o f  w-
• * •
al'kvlat.e.d o x i m e s  ( n i t r o n q - s )  t . i t h  *lith?ium aluminum h y d r i d e ^  • ^ .





a t h  A (.R* s H, a c y l ;  *». r ^1, ^1 c o m p ie x ) ;  l a t h  A* (1* = 1.. * • l k y i ) :
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A s e c o n d  argum ent  . a g a i n s t  t h e  l i k e l i h o o d  o f  p a t h  B . i s  t h a t ,  ix f ’
t h o s e *  T e a u c t i ’o n s  *of h y d r o x y . la m in e s  which  h a v e  b e e n  r e p o r t e d ^ *
* *% •
• t h e r e  h a s  b e en  no i n d i c a t i o n  o f  t h e  o c c u r r e n c e  o f  r e d u c t i v e *
•  •  •• •
r e a r r a n g e m e n t  s i m i l a r  t o  t h a t  whi'ch i s  e n c o u n t e r e d  i n  t h e  
r e d u c t i o n *  o f  ox ime s .  ' • * ''
. A more p r o m i s i n g  e x p l a n a t i o n  o - f . t h e  e x p e r i m e n t a l
r e s u l t s  i s  o f f e r e d  b y  r e a c t i o n  p a t h  C ( F i g .  10)  w h ic h  i n v o l v e s
an o x a z i r a n e  t r a n s i t i o n  s t a t e .  O x a z i r a n e s  are' v e r y  r e a c t i v e
compounds- w h ic h  u n d erg o  -a number o f  u n u s u a l  r e a c t i o n s ;  on
t h e  b a s i s  o f  th e  v.ork o f  Bremons^,  a ' m i x t u r e  o f  a m in e s  o f ' t h e
■ t y p e  o b s e r v e d  i n  t h i s  s t u d y  m ig h t  be form ed  from such  a
t r a n s i t i o n  s t a t e .  I t  i s  c i f f i c u l t  to  t e s t  t h i s  h y p o t h e s i s
b e c a u . e  t h e  r e q u i r e d  o x a z i r a n e s  a p p e a r  to  be of  t h e  t y p e
w h i c h  are .  t o o  u n s t a b l e  . t o  i s o l a t e .  However,  an o 'x a z iru n e
- t r a n s i t i o n  s t a t e  n o t  o n l y  would, e x p l a i n  t h e  n o n - s t e r e o s p e c i -
f i c i t y - o f  t h e  r e d u c t i v e  r e a r r a n g e m e n t , .b u t  would  a l s o  e x p l a i n
■ ' '
t h e  d i f f e r e n c e  i n  r e a c t i v i t y  b e t w e e n . a n  o x im e  and i t s  0 -  
m e t h y l  e t h e r ,  s i n c e  t h e  m ethod  o f  f o r m a t i o n  o f  t h e  t r a n s i t i o n  • 
s t a t e  f o r  t h e  l a t t e r  would be a i f i e r e n t  f r o m ' t h a t  o f  th e  
f o r m e r  ( p a t h s  G and O' , F i g .  10’) .  B u t ,  t h e  f a c t  t h a t  d i f f e r ­
e n t  r e l a t i v e ,  am ounts  o f  p r o d u c t s  a r e  o b t a i n e d  £rom an ox im e  
and i t s  e t h e r ,  o r  f ro m  phe two i s o m e r s  o f ’ i s o b u t y r o p h e n o n e  
o x i m e ,  o n c e  a g a i n  s u g g e s t s ’ t h a t  th e  p ro d ju c t s  m u st  be form ed  
by more t h a n  one r e a c t i o n  p a t h *  I n  t h e  f o r m e r  c a s e ,  i f» • •
r e d u c t i o n  o c c u r r e d  e x c l u s i v e l y  by p a t h s  C and C’ , a l t h o u g h
•  •  •  •  • •  e
• 4 * ° o o ° ©  .
fthe f i e t h o d s  o f  f o r m a t i o n  o f  t h e  t r a n s i t i o n  s t a t e  ( k c _ i  and
oO « 9 * #
k ’ ) and® t h e  • t r a n s i t i o n  s t a g e s  t h e m s e l v e s ,  (c )oaiKl ( e ) ,
0 - 1  * o e  o  « °  •o "  o  •
a «° - 0 * 0• ° • * •• •
*  o  «  *o  O O
•  . * .  •  •  •  •
e « °
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* *
w o u ld  d i f / e r  s l i g h t l y ,  i t  w o u ld  • s e e m ® r ea so n a b le  t o  assume thafc
* * • *■. •
t h e  same r a t i o  of  produofcs s h o u l d  be o b t a i n e d  from  b o t h  t h e  
• •
oxime and . i t s  e t h e r .  S i m i l a r l y ,  i n  t h e #l e t t e r  c a s e ,  i f  th e  
• •
two " isom ers  *of i s o b u t y r o p h e n o n e  oxime w ere  redUced  e x c l u s i v e l y  
by p a t h  C, t h e  o n l y  d i f f e r e n c e  b e t w e e n ■ the .- two s h o u l d  be t h d  
r a t e  o f  f o r m a t i o n  o f  th e '  t r a n s i t i o n  s t a t e  ( c ) ;  t h e  r a t i o  o f .  
p r o d u c t s  s h o u ld  be t h e  s a m e ' f o r  b o t h  i s o m e r s .
i t  i s  sug g  s t e d  t h a t  o x im e s  and t h e i r  d e r i v a t i v e s  
undergo  r e u u c t i o n . w i t h  l i t h i u m  aluminum h y d r i d e ' c o n e u r r e u t l y  
by p a t h s  ^ and C,' w i t h  nc-rmal r e d u c t i o n  o c c u r r i n g  by b oth  
p a t h s ,  ail’ r e d u c t i v e  r e a r r o n  - e a  n t  o c c u r r i n g  p r e d o m i n a n t l y  by  
p a t h  C. ■ E x p e r im e n t a l  e v i d e n c e  i n  s u p p o r t  o f  a scheme such  
a s  t h a t  r e p r e s e n t e d  by p a t h  A i s  found i n  t h e  v.ork o f  Awed 
and h a o u f ^ ,  who r e p o r t e d  t h a t  t h e  ox im e X I I  und.erv.ent r e d u c t i o n  
o n l y  t o  th e  im ip e  X I I I  w i t h  l i t h i u m  aluminum h y d r i d e .  E v i ­
d e n c e  i n  s u p p o r t  o f  t h e  schem e r e p r e s e n t e d  by r e a c t i o n  p a t h  G, 
and i n  s u p p o r t  o f  t h e  c o n c u r r e n t - o c c u r r e n c e  o f  two o r  more  
r e a c t i o n  p a t h s ,  h a s  b een  f u r n i s h e d ' oy t h i s  i n v e s t i g a t i o n .
hlAlH^
XII- . ‘ . ‘ ' . . XI 1*1
E l e c t r o n - r e l e a s i n g  s u b s t i t u e n t s  i n  the* pajfe p o s i t i o n
•  * ' i  •  .  •
o f  a c e t o p h e n o n e * o x im e s  cause,* s i m u l t a n e o u s l y ,  a d e c r e a s e . i n
.
.the o v e r a l l  r a t e  *of r e d u c t i o n ,  and d n  i n c r e a s e  i n  t h e  r e l a t i v e .• •
•  •
amount o f  r ea r r a n g e m e n t  p r 'oduct .  O r t h o r s n b a t i t u e n t s  appe'ar 
t o  s t e r i o a l l y * i n h i b i t  b o th  t ’he r a t e s  .of r e d u c t i o n  and r e a r -  
‘r a n g em en t ,  e x c e p t  i n  t h e  c a s e  o f  t h e  o - m e t h o x y  s u b s t i t u e n t  
whose a c c e l e r a t i o n  o f  t h e  r a t e  o f  r e d u c t i o n  was - e x p la in e d  
p r e v i o u s l y  ( F i g .  2 ) .  On th e  o t h e r  -hand th e  p r e s e n c e  o f  two 
m e th y l  g r o u p s  on the  a lp h a  carb on  atom c a u s e s  a c c e l e r a t i o n  o f  
.both  t h e  r a t e  o f  r e u u c t i  o n ’ and r a te ,  o f  r e a r r a n g e m e n t  a s  can 
be s e e n  by a co m p a r iso n  o f  t h e  r e s u l t s  o b t a i n e d  from- t h e  r e ­
d u c t i o n  o f  a c e t o p h e n o n e  o x i m e ’ and t h e  t v o  i s o b u t y r o p h e n o n e  
oxime i s o m e r s  (‘T ab le  I ) .  These  e f f e c t s  must  a l s o  be s t e r i c ,  
f o r  examina't i  on o f  m o l e c u l a r  m o u e ls  o f  th e  two i s . o b u t y r o -  
phenone o x im e s  seems t o  i n d i c a t e  t h a t  a c o n s i d e r a b l e  amount  
o f  s t e r i c  i n t e r a c t i o n  e x i s t s  b e tw e e n  t h e . . p h e n y l  and i s o ' p r o p y l  
g r o u p s  due to  th e  bu lk  o f  th e  l a t t e r .  In  a c e t o p h e n o n e ’ and 
p r o p io d h e n o n e  o x im e s  . l i t t l e  or  n o ‘su c h  s t e r i c  i n t e r a c t i - o n  s eem s’ 
t o  ue pres-. Jit. I t  app-.M’s . t h a t  th e  ph«..nyl- i  sop ropy 1 i n t e r . -  
a c t i o a  in  .the . i s o b u t y r o p h e n o n e  o x im e s  woulcj be p; - t i a l l y  
r< l i e v e d  by th e  o x a z in a n e  t r a n s i t i o n  s t a t e ,  but  v.ould s t i l l  be  
so  g r e a t  thfrt ciomplt.te r e l i e f  v.ould ue o f f e r e d  o n l y  by m i-
•  o  •  •
g r a t i o n  o f  th e  p h e n y l  o r  i s o p r o p y l  group from  ca r b o n  to
o •o •
n i t r o g e n .  T h i s  would  a c c o u n t  t o r  b o t h  t h e  i n c r e a s e d  r a t e  o f
d 9
r e d u c t i o n  and th e  in c r e a ' s e d  amount q f  r e a r r a n g e m e n t  o b s e r v e d  
f o r  th e  i s o b u t y r o p h e n o n e  o x im e s  a s  compared t o  a c e t o p h e n o n e
•  •  o  O °
o x i m e . * * o
ijjie di^ l e r e x f a e s  o b s e r v e d  *ih th e  r e d u c t i o n  o f  t l i e  **
*  •  •  *  •
»  • * 
i s o b u t y r o p h e n o n e  o x im e s  c'an ue e x p l a i n e d  i,n t er m s  o f  t h e  
* * •
r e l a t i v e  s t a b i l i t y  q f  the. two i s o m e r s .  The s y n - p h e n v l  isome*r 
•must be l e s s  s t a b l e . ,  s i n c e  i t  i s  o b t a i n e d  i n  l e s s e r  amounts  
from  t h e  m ix t u r e  w hich  i s .  formed .on p r e p a r a t i o n ,  b e c a u s e  of  
i t s  d e c r e a s e d  s t a b i l i t y  i t  must  be a' more e n e r g e t i c  s p e c i e s  
than  th e  a n t i - p h e u y l  isomci-  and h e n c e  v.ould r e q u i r e  l e s s  
exxergy -to u ndergo  t r a n s f o r m a t i o n  t o - t h e  s t i l l  more h i g h l y  
e n e r g e t . i c  o x a z i r a n e  t r - . n s i t i o n  s t a t e .  Thus,  t h e  s y n - p h e n y l  
i s o m e r  s h o u lu  u n d ergo  r e d u c t i o n  a t  a f o s t e r  r a t e ;  th e  f a c t  
t h a t  i t  u o e s ,  l e n o s  f u r t h e r  c r e u e n c e  t o  t h e  i d e a  t h a t  one o f  
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•  .  •  •  •  ,
I n f r a r e d  A b s o r p t i o n  S p e c t r a .
The i n f r a r e d  a b s o r p t i o n  spc.'ctra were r e c o r d e d  w i t h  
a P e r  k i n - E l m e r  Model 21’., d o a b l e  beam i n f r a r e d  s p e c t r o p h o - '  
t o m e t e r  w i t h  sodium  c h l o r i d e  o p t i c s ,  u s i n g  a s t a n d a r d  s c a l e  
ana t h e  f o l l o w i n g  s e t t i n g s :  r e s p o n s e ,  1; g a i n ,  5*5;  sp e e d  
4 - 6 ;  s u p p r e s s io n - ,  0 .  The s p e c t r a  o f  s o l i u s  w ere  d e t e r m in e d  
a s  m u l l s  i n  hujo'l  f r o m - 6 5 0 -1 3 0 0  c m .“  ^ and i n  H a lo c a r b o n  o i l  
from 1 3 0 0 - 4 0 0 0  cm .”  ^ u n l e s s  o t h e r w i s e  s p e c i f i e d .  S pectra ,  of  
s o l u t i o n s  a r e  i n d i c a t e d  b y .n a m in g  t h e  s o l v e n t  i n  w h ich  t h e  
d a t a  were o b t a i n e d .  ' The l o c a t i o n  o f  t h e  bands  i s  g i v e n  i n  . 
wavenumbers ( c m . a n a  t h o s e  l i s t e d  a r e  s t r o n g  u n l e s s  o t h e r ­
w i s e  s p e c i f i e d  a s  medium (m) o r  weak ( w ) .
U l t r a v i o l e t '  and lVear I n f r a r e d  A b s o r p t i o n  S p e c t r a .
-The u l t r a v i o l e t  and near  i n f r a r e d  s p e c t r a  were r e -  
o :• tided w : t )  - a I’ i:— r o p e o tr a  cord Model 4000 r e c o r d i n g  
sr . octro'  ^otom-’t e r .  Ti~j rc l  ■o ’ tr  uroc f o r  r e t e r M-lr.i ng the  
s p e c t r a  are  s p e c i f i e d  for' the'  i n d i v i d u a l  s p e c t r a .  The wave-  • 
l e n g t h s  for  "the u l t r a v i o l e t  r e g i o n  are g i v e n  in  m i l l i m i c r o n s  
(mfj) and t h o s e  for  the  near  i n f r a r e d  in  micr ons  ( fi )-• -
^ i c r o a n a l y s e s  .
• :• •
The carb on  and h y d r o g e n  g n i c r o a n a l y s e s  were d e t e r m i n e d
* • .*
by D r s .  G .^ W e i l e r  and F , . d .  o t r a u s s  o f  O x fo r d ,  j£ngland, and  
• •
• * * * • 
uv G relbra ith  m i c r o a n s l y t i c a l  ‘L a b o r s t p r i e s ,  n n o x v i l l e ,  Tenn*. .




P r e p a r a t i o n  - 2 1 .  K e t o n e s  .
■ • • • •
AH, o f  t h e  k e t o n e s  u se d  f o r * t* h i s  s tu d y  tyere o b t a i n e d
• • * •
c o m m e r c i a l l y  w i t h . t h e  e x c e p t i o n  o f  o - c h l o r o - ,  o - m e t h y l -  and 
.
o - m e t h o x y - a c e t o p h e n o n e , The p r e p a r a t i o n s  of  - th e s e  compounds "  • " • *
a r e  .d e sc .r ib e d  U e lo w .  ’ '
o . - C h l o r o a c e t o p h e n o n e  .
A O r ig u a r d  r e a g e n t ,  p r e p a r e d  by t h e  r e a c t i o n  o f  7 . 3  g .  
( 0 . 3  m o le )  o f  magnesium w i t h  e x c e s s  m e t h y l  brom ide i n  150 m l .  
o f  a n h y d r o u s  e t h e r ,  was c o n v e r t e d  t o  d im eth y lca d m iu m  i n  t h e  
. u s u a l  'm a n n e r ^  by- a m i t i o n  o f  2 9 . 3  g .  ( 0 . 1 6  m o le )  o f  anhydrous  
cedxni.um c h l o r i d e .  T h i s ,  On r e a c t i o n  w i t h  3 6 . 7  g» ( 0 . 2 1  m ole )  
o f  o - c h l o r o b c n z o y l  c h l o r i d e  a o c o r a i n g  t o  th e  method o f  C ason22 
p r o d u ce d  1 9 . 4 6  g .  (6 0 ^ )  o f  o - c h l o r o a c e t o p h e n o n e ,  b . p .  9 7 - 9 8 °  
a t  9 mm., 1 . 5 4 0 4 ,  r e p o r t e d 20 n 2  ^ 1 . 6 8 4 4 .
The sem i  c a r b a z o n e , a f t e r  tv.o r e c r y s t a l l i z a t i o n s  from  
■ e t h e n o l - w a t e r , m e l t e d  a t  1 7 0 - 1 7 7 . 5 ° ,  r e p o r t e d ^  m .p .  1 6 0 °  
a n d ^  1 7 8 - 1 7 9 ° •  The 2 , 4 - d i n i t r o p h e n y l h y n r a z ' o n e ,  a f t e r  one  
r e c r y s t a l l i z a t i o n  from e t h e u o l - e t h y l  a c e t a t e ,  m e l t e d  a t  2 0 4 -  
2 0 5 ° ,  r e p o r t e d 2 ® m .p .  206°  a n d 4® 2 0 9 - 2 1 1 ° . .  The ox ime m e l t e d  
a t  1 0 1 . . 3 - 1 0 3 ° ,  r e p o r t e d 20 m .p .  1 0 4 . 5 - 1 0 5 . 5 °  and 1 1 4 -1 .1 5 ° ,  
a l s o 2 ? 1 0 3 °  and i l 2 - 1 1 3 ° .  A- s m a l l  .q u a n t i ty ,  on o x i d a t i o n  w i t h
/  a
•sodium h y p o c h l o r i t e  . ,  g a v e - o - c h l o r o b e n z o i c  a c i d ,  m .p .  1 3 8 -  
• 1 3 8 .5 ° ,  r e p p r t e d 2  ^ m . p . 1 1 0 ° .
■ *i •
•  ■ •
o-Me t  hy 1 a e to p  h e  noi>9 *
•  •
<o-ll> luyl  c h l o r i d e * w a s  f i r s t  p r e p a r e d  by s ta n d a r d  
m ethods- '0 . i'rom t h e  . r e a c t i o n  o i 1 5 0  j», ( 9 * 3 7  tooi'e) o f  o -
t o l u i c  a c i d  w i t h  67 g .  ( 0 . ^ 6  m o le )  o f  t h i o n y l  ‘c h l o r i d e  ‘t h e r e
*
w a s ’o b t a i n e d  5 3 . L g .  ( 9 J . 5 > )  o£ o - t o l u y l ’c h l t f r i d e ,  b . p .  8 8 -
«
8 9 °  a t  10 mm.
The r e a c t i o n  o f  3 2 . 4  g .  ( 0 , 2 1  m o le )  o f  o - t o l j u y l  • •
c h l o r i d e  w i t h  d im eth y lcad m iu m  (p r e p a re d  i n ’ t h e  -same manner
•
and i n . th e  same q u a n t i t y  a s  d e s c r i b e d  f o r  th e  p r e p a r a t i o n  o f
o - c h l o r o a c e t o p h e n o n e )  f o l l o w i n g  th e  p r o c e c u r e  o f  O i lm a n 2-^  gave
2 4 , 5  g .  ( 87/J) o f  0 - m e t h y l a c e t o p h e n o n e , b . p .  8 7 - 8 8 °  a t  9 mm., ■
1 . 5 3 1 0 ,  r e p o r t e d 20 n 2  ^ 1 . 5 3 0 3 .  The oxime.  m e l t e d  a t  
u  D
6 2 - 6 3 ° ,  r e p o r t e d ^  m .p .  0 1 . 5 - 6 3 °  and20 6 4 . 5 - 6 5 . 5 ° .
o - Id e th o x y a c e to p h e n o n e  .
The p r e p a r a t i o n  d e s c r i b e d  belov, i s  a d a p te d  from  
o r g a n i c  J y n t h e s e s 2^ .
In  a 500 m l .  t h r e e - n e c k e d  f l a s k  e q u ip p e d  w ith  a 
m e c h a n ic a l  s t i r r e r ,  a th erm om eter ,  and a d r o p p i n g  f u n n e l ,
2 7 . 2 . g .  ( 0 . 2 0  m ole)  o f  £ - h y c r o x y a a e t o p h e u o n e  was d i s s o l v e d  i n  
110 m l .  o f  2 h .  sodium h y n r o x id e  s o l u t i o n .  The s o l u t i o n  v.as 
s t i r r e d  w h i l e  2 5 . 2  g . . ( l 9  m l . ,  0 . 2  mole)  o f  m e t h y l  s u l f a t e  
was aouea d r o p w i s e ,  ana the  t e m p e r a tu r e  was m a i n t a i n e d  a t  
3 5 - 4 0 ° .  Alien a < c : i t i o n  was c o m p le t e ,  th e  m ix t u r e  was s t i r r e d  
f o r  5 m i n u t e s ’, a f t e r  which  55 m l .  o f  2 h .  sodium h y c r o x i d e .  
was auded i n  one l o t ,  and t h e n  1 2 . 6 .  g .  ( 9 . 5  m l . )  o f  m e th y l
s u l f a t e  was  ended as* b e f o r e ,  e x c e p t  t h a t  t h e  t e m p e r a t u r e  was
•  §
a l l o w e d  to  r i s e  s l i g h t l y  h i g h e r ,  t o  4 5 ° .  The m ix t u r e  y a s  th e n
•  •
s t i r r e d  f o r  30 m in u te s  a t  50^ .  A f t e r  c o o l i n g  th e  c o n t e n t s  o f
9





s o l u t i o n  was d r i e d  o v e r  1 / r i e r i t e  and f i l t e r e d .  A f t e r  rem oval  
*  •  *  *
o f  th e  s o F v e n t ,  d i s t i l l a t i o n  a t  a t m o s p h e f i c  p r e s s u r e  o v e r  a 
• . *
2 1 5 -2 A 3 0 range  g a v e  S i , 3  gv (7 1 “/®) o f  o - m e t h o x y a c e t o p h e n o n e ,• • *
n^^*^ 1 . 5 5 9 8 ,  r e p o r t e d 20 1 . 5 3 6 5 .  H e d i s t i l l e t i o n  a t  r e -
•  # •
duced p r e s s u r e  gave 1 8 . 6  g . ,  o f  the* k e t o n e ,  b . p .  1 2 7 - 1 2 8 °  a t
15 mra., n ^  1 .5 A 2 2 .  f*he oxime mej.ted at* 9 5 . 5 - 9 7 ° *  . r e p o r t e d 20 
• D  •
m .p .  9 5 - 9 6 °  a i j d ^  8 3 ° .
P r e p a r a t i o n  o f  u x i m e s .
Aith  th e  e x c e p t i o n  o l  t h e  i sO m ers  o f  ‘i s o b u t y r o p h e n o n e  
o x im e ,  a l l  o f  t h e  o x im e s  were p re p a re d  by t h e  s ta n d a r d  sodium  
h y a r o x i d e  p r o c e u u r e 2 6  u s i n g  an a p p r o x i m a t e ‘m olar  r a t i o  o f  
2 m o le s  o f  hyuroxy.lamine h y d r o c h l o r i d e  t o  1 mole o f  k e t o n e .
The o r t h o - s u b s t i t u t e d  a c e t o p h e n o n e s  had t o  be h e a t e d  f o r  
l o n g e r  p e r i o d s  o f  t im e  t o  e f f e c t  an • a p p r e c i a b l e  amount o f  
r e a c t i o n .
l o r  r e a c t i o n  m i x t u r e s  i n  w h ich  t h e  ox im e  s e p a r a t e d  
a s  an o i l  w h ic h  would  n ot  s o l i d i f y  a f t e r  r e p e a t e d  a t t e m p t s  t o
im u c c -  c r y p to  H i r a t i o n ,  the e t h a n o l  was d i s t i l l e d  from th e  
r e a c t i o n  m ix t u r e ,  and th e  p r o a u c t  was t a k e n  up i n  e t h e r .
A f t e r  u r y i n g  the  e t h e r  s o l u t i o n  w i t h  b r i o r i t e ,  th e  e t h e r  was  
removed,  anu_ th e  oxime was r r a c t i o n g l l y  c r y s t a l l i z e d  from  
p e t r o l e u m  e t h e r  a t  low tem peratu-rea .
The o x i m e s / w e r e  o b t a i n e d  i n  a r e l a t i v e l y  p u re  s t a t e
•  •
•  •
a f t e r  one r e c r y s t a l l i z a t i o n  from e t h a n o l - w a t e r  o r  c h l o r o f o r m -  
• •  *
•  •  •
petrol&utfi e t h e r ,  a i m  :ough i n  a f e w ’i n s t a n c e s  t h e  pure compound .
Wfcs o b t a i n e d  o n l y  r ^ t e r  s e v e r a l  r e c r y s t a l l i z a t i o n s .  Y i e l d s  o f  
° * 0  
. t h e  a c e t o p h e n o n ^  o x im e s  and cvyclohexanone oxime a r e  l i s t e d  i n
•  e  o





The s y n -  and a n t i . - p h e n y l  i s o m e r s  o f  i s o b u t y r o p h e n o n e
« c . * 
o x im e  w ere  p r e p a r e d  a c c o r d i n g  t o  t h e  m eth od  o f  K i s s m a n ^ .
•  * » •
Frpm 20 g .  ( 0 . 1 3 5  m o l e )  o f  i s o o u t y r o p h e n o n e  w ere  o b t a i n e d
7 . 2 2  g .  ( 3 2 . 8 c/o) o f  c r u d e  gyn- p h e n v l  o x im e  ( p l a t e s )  and 1 1 . 1 1  g .
( 5 Q .5 > )  .of  c r u d e  a n t i - p h e n y l  ox im e ( p r i s m a ) .  A f t e r  r e -
c r y s t a l l i z a t i o n  from  e h l o r o f o r A - p e t r o l e u m  ether*,  t h e  former-
m e l t e d  . a t  8 8 . 5 - 9 0 ° ,  r e p o r t e d ^ ^ * m . p .  8 9 - 9 0 ° ,  ana t h e  l a t t e r
m e l t e d  a t  9 8 . 5 - 9 9 . 5 ° ,  r e p o r t e d ^  m .p .  9 5 - 9 6 ° .  A m i x t u r e  o f  .
. t h e  two i s o m e r s  m e l t e d  a t  6 0 . - 6 3 ° .
P r e p a r a t i o n  o f  O - m e t h y l - j a - c h l o r o a c e t o p h e n o n e  O xim e,'
a .  by m e t h y l e t i o n  o f  £ - c h l o r o a c e t o p h e n o n e  o x im e1 ................ .' ■ — T" 1 " ■' ■ ■ ■ 1 11 ■ 1 1
u n d e r  a q u e o u s  c o n d i t i o n s . ^ * 2 7 - 2 9  j n a 50 0  m l .  t h r e e - n e c k e d  
f l a s k  e q u i p p e d  w i t h  a m e c h a n i c a l  s t i r r e r ,  a thermometer and  
a d r o p p i n g  f u n n e l ,  1 7  g .  ( 0 . 1  m o le )  o f  c r u d e  j D - c h l o r o a c e t o -  
phen on e  ox im e  was d i s s o l v e d  i n  135 m l .  o f  1 . 2  W so d iu m
h y d r o x i d e .  The S o l u t i o n  was  s t i r r e d  w h i l e  1 2 . 6  g .  ( 9 . 5  m l . ,
0 . 1  m o le )  o f  m e t h y l  s u l f a t e  was auded  d r o p w i s e , ’ and t h e
te m p e ra  tu .  e was m a i n t a i n e d  a t  1 0 - 1 5 ° .  «-he n th e  a o c i t i o n  was *
. ’c o m p l e t e ,  t h e  m i x t u r e  wh s s u i r r e u  f o r  5 m i n u t e s .  A 2 0 . m l ."  
p o r t i o n  o f  10> so d iu m  n y u r o x i a e  \ .as  t h e n  a< ded i n  one l o t  
f o l l o w e d  by t h e  a u e i t i o n  o f  5 m l . ,  o f  m e t h y l  s u ' l f a t e .  a s  b e f o r e  
e x c e p t  t h a t  t h e  t e m p e r a t u r e  was  a l l o w e d  t o  r i s e  t o  5 0 ° .
o
o t i r ^ i n g  w as  c o n t i n u e d  f o r  30 n l i n u t e s  a t  t h i s  t e m p e r a t u r e ,» ® e• , 0 * 0
a f t e r  w h i c h  t h e  m i x t u r e  *vas c o o l e d ,  and t h e  o r g a n i c  l a y e r  was  
t a k e n  up i n  p e t r o l e p m  e t h e r .  The p e t r o l e u m  e t h e r  s o l u t i o n  waso
o ’ * ,
d r i e d  o v e r  b r i e r i t e ,  f i l t e r e d ,  and c o n c e n t r a t e d  by d i s t i l l a t i o n .
0 « 09 • O o
o
^5o
D i s t i l l a t i o n  o f  t h e  r e s i d u e  a t  r e d u c e d  p r e s s u r e  g a v e  1 2 . 5  g .
o f  p r o d u c t ,  b . p .  1 1 7 - 1 2 3 °  a t  15 mm., 1 . 5 5 7 5 .  i t e d i s t i l -
l a t i o n  a t  r e d u c e d  p r e s s u r e  g a v e ,  a f t e r  an e x t e n s i v e  f o r e r u n
•  •
» « •
w as c o l l e c t e d ,  8 . 3  g .  o f  a l i q u i d ,  b . p .  1 1 8 - 1 1 9 °  a t  15‘ mm., 
1 . 5 5 5 5 .
A n a l . C a l c u .  - for  C^H^qGIwO: C, 5 8 . 8 6 ;  H, 5• -49•
Found: G, 6 1 . 2 1 ;  H, 5 . 0 8 .
Itf b p e c tru m  (-r'ilm, Ao. 1 0 ) :  1 6 8 5 ,  l o ! 5  (w)-, 1 5 8 5 ,  1 3 9 5 ,  
• 1 3 5 5 ,  1 2 5 8 ,  1 0 9 7 - 1 0 9 0 ,  1 0 5 3 - 1 0 1 3 ,  1 0 1 1 ,  8 9 2 ,  8 2 5 ,  7 6 0 .
b .  oy  m e t h y l a t i o n  o f  p - c h l o r o a c e t o p h e n o n e  ox im e
under  n o n - a  jueous  c o n d i t i o n s . To a s o l u t i o n  o f  17 g .  ( 0 . 1  
m o le )  o f  c r u d e  p - c h l o r o a c e t o p h e n o n e  ox im e  i n  50  m l .  o f  
a b s o l u t e  m e t h a n o l  was  added a s o l u t i o n  o f  6 . 5  g* ( 0 . 1 2  m o le )  
o f  sod iu m  m e t h o x i a e  i n  th e  asme s o l v e n t .  A f t e r  t h e  s o l u t i o n s  
w ere  w e l l  m ix e d ,  a s o l u t i o n  o f  1 5 . 1  g .  ( l l . l  m l . ,  0 . 1 2  m o le )  
o f  m e t h y l  s u l f a t e  i n  25 m l .  o f  a b s o l u t e  m e t h a n o l  was a d d ed  
s l o v . l y  (15  m i n . )., and t h e  m i x t u r e  v.as t h e n  h e a t e d  under  r e f l u x  
f o r  2 . 5  h r s .  At t h e  eno o f  t h e  r e f l u x  p e r i o d ,  th e  m e t h a n o l  
w;.s i s t i  J l e u  irom  th e  m i x t u r e .  The p a s t y  r e ^ i u u e  v.as 
c o o l e a  ano e x t r a c t e u  ' i t h  t h r e e  50 m l .  p o r t i o n s  of p e t r o l e u m  
e t h e r .  The p e t r o l e u m  e t h e r  s o l u t i o n  v a t  d r i e d  o v e r  a n h y d r o u s  
so d iu m  s u l i a t e ,  f i l t e r e d ,  anu c o n c e n t r a t e o  by a i s t i l l a t i o n  o f  
t h e  s o l v e n t .  A f t e r  r e m o v a l  o f  t h e  f i n a l  t r a c e s  o f  s o l v e n t  b y  
a c u r r e n t  o f  dry  a i r , *  1 3 . 7  g .  o f  a y e l l o v . o o i l  was o b t a i n e d .
o e ,
On s t a n d i n g  o v e r n i g h t ,  „a s m a l l  amount o f  s o l i d  p r e c i p i t a t e d
i rom “t h e  o i l .  T h i s  s & l i d ,  v.hen removed by f i l t r a t i o n ,  washed
o e o
w i t h  cftld p e t r o l e u m  e t h e r  and u r i e c t , amounted t o  0 . 5  2 . and 




o °were c o n c e n t r a t e d  o n c e  a g a i n  by r e m o v a l  of ttys s o l v e n t ,  oand
a °
t h e  r e s i d u e  was  d i s t i l l e d  a t  r e a u c e d  p r e s s u r e .  Of t h e  7 * 5  6#
( 39°/*)° c o l l e c t e d  over a 130-150°  range a t  18 mm.°, 3 .4  g .  o f  a
<
middle f r a c t i o n  was obta ined ,  b \p .  122-134°  a t  18 mm.,
26 • 5  -i c e  z  o  *n^ 1 . 5 5 6 3 *  • »D
IR Spectrum (F i lm , too. 15 6 ) :  1640 (w),  1097,  1050,
8 9 5 ,  8 3 0 .  ' .
UV S p e c tr u m  (95/<> E t h a n o l ) ,  fflaXt' ( € m ax/ ) : 204  
( 3 0 , 9 0 0 ) ,  254 ( 1 8 , 5 8 0 ) .
• S ee  1R S p e c t r u m  and a n a l y s i s  o f  compound- p r e p a r e d  by  
m eth od  ( c ) .
The s o l i d ,  a f t e r  two r e c r y s t a l l i z a t i o n s  from c h l o r o -  
■ f o r m - p e tr o le u m  e t h e r ,  m e l t e d  a t  1 4 0 - 1 4 1 ° .  On r e c r y s t a l l i z a t i o n  
from  w a t e r  t h e  s o l i d  m e l t e u  a t  9 4 . 5 - 9 5 ° ,  and t h e  m e l t i n g  p o i n t  
was n o t  d e p r e s s e d  on a d m i x t u r e  of t h i s  m a t e r i a l  w i t h  p - c h l o r o ­
a c e t o p h e n o n e  o x im e  of t h e  same m e l t i n g  p o i n t ,  .because'  of t h e  
s i m i l a r i t y  o f  t h e  i n f r a r e d  s p e c t r u m  w i t h  . t h a t  of  p - c h l o r o ­
a c e t o p h e n o n e  o x im e  and i t s  e a s e  o f  t r a n s f o r m a t i o n  to  t h a t  
compound, i t '  was sj,e u i a t e c .  t h a t  the  h i g h e r  m e l t i n g  s o l i d  and 
t h e  l o w e r  m e l t i n g  o x im e  m i g h t  be s y n  and a n t i  i s o m e r s  r e ­
s p e c t i v e l y .  n i n c e  t h i s '  was  n o t  s u b s t a n t i a t e d  by t h e  m i c r o -  .* 
a n a l y t i c a l  da ta  t h e  i d e n t i t y  o f  t h i s  compound i s  s t i l l  
u nknow n.*  *
. a n a l .  O a l c d .  f o r  CgilgCltoO: C, 5 6 1 6 5 ; . H, 4 . 7 5 ;
Found: C„ 5 4 . 7 9 ,  5 5 . 0 3 ;  H, 6 . 0 3 ,  6 . 1 0 . '
o *
o
*i'he a n a l y t i c a l  d a t a  s tem  t o  f i t  t n e  rf orm u la  C^H^CltoQ^ 
f o r  ^ - ( c c - m e t h o x y - o c - j D - c u l o r o p h e n y l e t h y l f  hyc. r o x y l a m i n e  ; h o w e v e r ,  
no a t t e m p t  was made t o  e s t a b l i s h  thq. t r u e  i d e n t i t y  o f  t h e  
compound.
IH S p e c t r u m  ( H u j o l  m a l > ,  N o .  * 1 7 8 ) :  3 1 5 0  ( m ) , 2 7 6 0 -
2 6 0 0 ,  1 4 9 2 ,  1 4 7 5 ,  1 0 9 5 ,  1018°, 1 0 1 2 ,  9 4 0 ,  8 3 3 .
•  •
IH S p e c tr u m  (CS2 , Ho. 2Q1):  3600  ( m ) , 3 2 6 0  ( w ) ,  1 0 9 8 ,• . a
8 2 9 .
•  * •  •
UV Specter urn ( 9 5 #  H t h a n o l ) , '( C m a x j :  2°5*«
( 1 8 , 5 5 0 ) ,  250 ( 1 2 , 8 4 0 ) . *
9
. c • Hy r e a c t i o n  o f  p -c h lo ru eo to * ' jh e n 6 n e  w i t h  m e t h o x y -
■ — ‘ - «-    ------------
amine h y c r o c n l o r i d e . A s o l u t i o n  o f .  o.O g .  ( 0 . 0 7 2  m o le )
o f  m ethoxyam ine  h y d r o c h l o r i d e  i n  30  m l .  o f  v ,a ter  was m ixed
- i t h  9 * 3  o .  ( 0 . 0 6 0  m o le )  o f  p - c h l o r o a o e t o p h e n o n e , 20 m l .  o f
1 0 /o sou iu m  h y d r o x i u e ,  and s u f f i c i e n t  9 5 /^  e t h a n o l  t o  p r o d u c e
h o m o g e n e i t y .  The s o l u t i o n  v.as h e a t e d  l o r  15 m i n u t e s  on t h e
s te a m  b a t h  a n d ' t h e n  l e f t  o v e r n i g h t  t o  c o o l .  A f t e r  d i l u t i o n
o*f' t h e  m ix t u r e  w i t h  v.'ater and rc in o v a i  o f  m ost  o f  t h e  e t h a n o l
by d i s t i l l a t i o n ,  t h e  m i x t u r e  was c o o l e d  and t h e  o i l y  l a y e r
vk.s tnk.en up i n  c h l o r o f o r m .  The c h l o r o f o r m  s o l u t i o n  was ( . r i e d
o v e r  1/ r i e r i t e  , and when th e  s o l v e n t  was r em o v ed ,  9 . 5 ’g .
•  •  •  *
( S o .  2 , )^ o f  c r u d e  p roduct ,  was o b t a i n e d .  On d i s t i l l a t i o n  a t
r e c u c e h  p r e s s u r e ,  0 . 8  g .  01 f o r e r u n  w s ^ c o l l e c t e d ,  ' b . p .  1 2 3 -
1 2 7 °  a t  1 6 - mm., f o l l o w i n g  which  7 * 6  g .  ( 6 9 / )^ Qf p u re  p r o d u c t ,
•  •
b . p .  1 2 7 - 1 2 9 . 5 °  at* 16  mm., njj6 1 . 5 5 4 4 ,  b 2 2 *^ 1 . 1 5 6 5 , was
•  •
o b t a i n e d .
A n a l . C a l c d .  f o r  C^H^CIM): G, 5 ^ , 8 6 ;  H, 5.>;9
round:  G, 5 8 . 9 4 ;  H, 5 . 3 5 .
•  •
IR S p e c tr u m  ( F i l m ,  Ho. 2 3 1 ) :  1^40 (w) 1 0 9 8 ,  1 0 5 0 ,
P r e p a r a t i o n  o f  O - M e t h y l - o - m e t h o x y a c e t o n h e n o n e  Oxime.
i
A s o l u t i o n  o f  6 g .  ( 0 . 0 7 2  m o le )  o f  m eth oxyam in e  h y d r o ­
c h l o r i d e  i n  30“ m l .  o f  w a t e r  was m ix e d  w i t h  5 . 0  g<v ( 0 . 0 3 3 3
•  •  o
m o le )  o f  £ - m e t h o x y a c e t o p h e n o n e ,  20. m l .  o f  1 0 #  sodium hydro’x i d e
and s u f ’f i c i e n t  9 5 #  e t h a n o l  t o  p r o d u c e  h o m o g e n e i t y .  A fte :c  t h e
•  •
s o l u t i o n  was  h e a t e d  on. t h e  s te a m  b a t h  f o r  o n e  h o u r ,  i t  was  
a l l o w e d  t o  c o o l  s l o w l y  t o  room t e m p e r a t u r e /  The o i l y  l a y e r  
w h ic h  eepar.  t ed  was t a k e n  up i n  p e t r o l e u m  e t h e r  and t h e  p e t r o ­
leum e t h e r  s o l u t i o n  was  u r i e d  o v e r  b r i e r i t e .  On r e m o v a l  o f  
th e  s o l v e n t ,  5 . 5 5  g .  ( 9 3 . 2 ^ )  o f  c r u d e  p r o d u c t  was o b t a i n e d .  
D i s t i l l a t i o n  o f  t h i s  m a t e r i a l ' a t  r e d u c e d  p r e s s u r e  ga v e  4 .  82 g .  
(‘8 1 /'o) o f  p ure  p r o d u c t ,  b . p .  1 2 2 - 1 2 4 °  a t  10 mm., n ^  1 . 5 3 8 9 ,  
D2 8 *5 1 . 0 9 3 2 .
A n a l . C a l c d ,  f o r  ci o h1 3 n o2 : G» 6 7 . 0 2 ; 'H, 7 . 3 1 ,
Pound: C, 6 6 . 8 2 ;  H, 7 * 1 5 .
IR S p e c tru m  ( F i l m ,  too. 277 )  1623  ( m ) , 1 4 9 7 ,  1 4 6 8 ,  1 4 4 0 ,  
1 2 7 5 ,  i .243 ,  1 0 7 8 ,  1 0 5 3 ,  1 0 4 3 ,  1 0 2 8 , .  8 8 3 ,  7 5 5 .
P r e p a r a t i o n  o f  O-methyl -p-mt t i iOxyacetbnhenone  Oxime ,
A s o l u t i o n  o f  6 g .  ( 0 , 0 7 2  m o le )  o f  m eth oxyam in e
u y c r o c i i l o r i c i e  i n  30 m l .  o f  w u t e r  was mixed w i t h  9 g .  f 0 . 0 6 0
* •  •
m o le )  o f  p - m c t h o x y a " e t o p h e u o n e , 20 m l .  o f  10^ sod ium  h y u r o x i d e ,  
ynu s u f f i c i e n t  95>» e t h a n o l  t o  p r o d u c e  h o m o g e n e i t y .  A f t e r  t h e  
e o l u t i p n  was h e a t e d  on t h e  s t e a m  ba,th f o r  1 0 * m i n u t e s ,  i°t was 
a l l o w e d  t o  c o o l  s l o w l y  t o  room t e m p e r a t u r e .  The p r o d u c t
• o
s e p a r a t e d  a s  an o i l  v*hich s o l i u i i i e d  on s ta in  i n g .  The s o l i d
o •
was removed by f i l t r a t i o n ,  and a s e c o n d  cro p  was  o b t a i n e d  by  
d i l u t i o n  o f  th e  h o t  f i l t r a t e  w i t h  w a t e r  and a l l o w i n g  i t  t o
I49
O O
c o o l  s l o w l y  t o  room t e m p e r a t u r e ;  a t o t a l  o f  1 0 . 5  <g* ( 9 8 $ )  o f
cr u d e  p r o a u c t ,  nf .p .  5 1 - 5 2 ° ,  was t h u s  o b t a i n e d .  R e c r y s t a l -
■>
l i z a t i o n  o f  t h i s  m a t e r i a l  from  p e t r o l e u m  e t h e r  g a v e  9 . 5  g .  
( 8 8 $ )  o f  p ure  p r o d u c t ,  m .p .  5 2 - 5 2 . 5 ° ,  from two s e p a r a t e  c r o p s ,
• a —
A n a l . . C a lc d .  f o r  C^qHj j NO^: c , 6 7 . 0 2 ;  H, 7*31  
Found! C, 6 7 . 1 9 ;  H, 7 . 3 4 .
IR .Spectrum ( M u l l ,  No. 5 7 4 ) :  1650 ( w ) ,  1 6 2 0 ,  1 2 6 5 ,
1 0 4 9 ,  1 0 2 7 ,  8 3 1 .
R e d u c t i o n  o f  Oximes and T h e i r  D e r i v a t i v e s  w i t h  L i t h iu m  
Aluminum H y d r i d e .
The oxime o r  i t s  d e r i v a t i v e ,  d i s s o l v e d  i n  e t h e r ,  was  
added to  a s u s p e n s i o n  ( o r  a s o l u t i o n )  o f  l i t h i u m  aluminum  
h y d i i u e  i n  e t h e r  i n  t h e  amounts i n u i c a t e d  i n  T a b l e s  I  and I I .  
A f t e r  the m i x t u r e  was h e a t e d  under  r e f l u x  f o r  t h e  amount o f  
t im e  s p e c i f i e d  f o r  e a c h  ru n ,  i t  was c o o l e d ,  and t h e  e x c e s s  
h y d r i d e  was decomposed by t h e  a d d i t i o n  o f  w a t e r .  The 
i n s o l u b l e  p r e c i p i t a t e  was  removed by f i l t r a t i o n  and washed  
w e l l  w i t h  e t h e r .  The f i l t r a t e  anc w a s h in g s  were combined  
ana a i l u t e d  v o l u m e t r i c a l l y  ( o r  reduced  i n  vo lum e by d i s t i l ­
l a t i o n  o f  e t h e r )  t o  250 m l .  o f  s o l u t i o n .  A 25 m l .  p o r t i o n  
( l / l O  a l i q u o t )  o f  t h e  p r o d u c t - c o n t a i n i n g  s o l u t i o n  was than  
t i t r a t e d  by one- o f  th e  m eth od s  u e s c r i b e d  below to  d e t e r m i n e  
th e  amount o f  a m in e s  p r o d u c e d . ■» F o r  p r o a u c t - c o n t a i n i n g  
s o l u t i o n s  low i n  c o n c e n t r a t i o n  o f  a m in e s ,  50 m l .  p o r t i o n s
e
( l / 5  a l i q u o t s )  were t i t r a t e d .
o
50
T itr a t io n  of Reduction Products by the Indicator Method 
’ (Method A ) .
A 25 ml. portion (1 /10  a l iq u o t )  of tjtie product-con- . 
ta in in g  so lu t io n  was d i lu ted  to  50 ml. by the  ad d it io n  pf  
,15 ml, of 95$ e t h a n o l  and 10 ml. of e th er .  The sample was . 
then t i t r a t e d  w i t h  0 .1 0 9 5  N h y d r o c h l o r i c  acid  (d is so lv ed  in  
a 9 : 1  m ix t u r e  of  95/j e t h a n o l  ana e t h y l e n e  g l y c o l )  to  th e  
end p o i n t  o f  b r o m c r e so l  g r e e n  i n o i c a t o r .  Thymol b lu e  
i n d i c a t o r  was then  adued anc. t i t r a t i o n  v.as c o n t i n u e d  u n t i l  
th e  ena p o i n t  o f  th e  l a t t e r  was r e a c h e d .  ( n e c a u s e  brom- 
c r e s o l  g r e e n  c h a n g e s  from b l u e  to  y e l l o w  and th y m o l  blue 
c h a n g e s  from y e l l o w  to r e d ,  t h e r e  seemed t o  be l i t t l e  i n t e r ­
f e r e n c e  from th e  former i n  d e t e r m i n i n g  th e  second end p o i n t ) .  
Trom the  amount o f  a c id  r e q u i r e d  t o  r e a c h  t h e  f i r s t  end 
p o i n t ,  m u l t i p l i e d  by the  a l i q u o t  f a c t o r ,  the q u a n t i t y  of 
a l i p h a t i c  am in e ,  or normal r e d u c t i o n  p r o d u c t ,  was d e t e r m i n e d ,  
s i m i l a r l y ,  from th e  a d d i t i o n a l  amount o f  a c i d  r e q u i r e d  t o  
r e a c h  th e  secon u  end p o i n t ,  a J tir>lie<! by th e  a l l - n o t  f a c t o r ,  
the amount o f  aroma t i c  ami ne, or r e a rr a n g e d  p r o e u c t  was 
c ieterminec  .
x o t e u t i o m e t i  i c  T i t r a t i o n  of n e u u c t i o n  l -r o i .u c t s  i n  h t n v le n e
0 90 0
d l y c o l - I s o p r o p y l  A l c o n o l  (Method h) , „ B
3
A 25 m l .  p o r t i o n  ( l / l O  a l i q u o t )  o f  th e  p r o d u c t -
«  O O
c o n t a i n i n g  s o l u t i o n  was aoced  t<9 75 m l .  of°a  1 : 1  m ix tu re  of
O
e t h y l e n e  l y c o l  anc i s o p r o p y l  a l c o h o l  i n  a 150 %il. b e a k e r .
o
The sample thr-n n.ti  t i t r a t e s  p o t e n t i o m e t r i c a l l y  w ith  0 . 2 1 9 0





The t i t r a t i o n s  v.ere p er fo rm ed  v . i th  a 10 m l.  m i c r o b u r e t  and
Q
t h e  p o t e n t i a l s  v.ere m easured  w i t h  a hedfkmann m o d e l  H-2 pH
m e t e r .  The s o l u t i o n s  v.ere s t i r r e d  w i t h  a m o g n e t i c ° s t i r r e r
d u r in g  t h e  c o u r s e  o f  t i t r a t i o n .  The end p o i n t s  w ere  a e t e r -  
•  • 
mined i n  t h e  u s u a l  manner from t h e  t i t r a t i o n  c u r v e s  o b t a i n e d
by p l o t t i n g  p o t e n t i a l  a g a i n s t  th e  vo lum e o f  a c i f t  u s e d ,  t h e
end noint being the volume at which the change in potential 
*  '  •  *
\ i t l i  r e s p e c t  t o  vo lu m e was g .■ c o t e s t .  - rom t h e s e  v a l u e s ,  th e
•  •
amount of aminet- produced v.as determined as above in method A.
x o t i  :U.i‘ ore  t r i e  T i t r a t i o n  o f  he. t i e r .  l-'no.-uots l i  1 
A o e t o n i t r i l e - C h l o r o f  orm ( l i e th o d  C) .
The sa m p le  was t i t r a t e d  a s  i n  method iJ but  75 m l .  
o f  a 2 : 1  m i x t u r e  or a c e t o n i t r i l e  and c h l o r o f o r m  v.as s u b s t i ­
t u t e d  f o r  t h e  1 : 1  e t h y l e n e  g l y c o l - i s o p r o p y l  a l c o h o l  m i x t u r e  
and 0 . 2 1 0 8  h p e r c h l o r i c  a c i d ,  i n  d i o x a n e 1^ ’. .as u se d  ,a s  a c i d  
t i t r s n t  insLt.au o f  t h e  0 . 2 1 9 0 ^ *  h y d r o c h l o r i c  a c i d  i n  1 : 1  
e t h y l e n e  g l y c o l - i s o p r o p y l  a l c o h o l .
To d i s t l  xi.-uisii be tw een  p r im a ry  and s e c o n d a r y
O #
aliphatic amines, a titration was penormed on a .second'
o
a l i  ] U 0 t  a f t e r  p r e l i m i n  ry t r e a t m e n t  w i t h  s n l i c y l a l d e n y d e  t o
cpnvt. r t  th e  pr imary  am ine t o  the w eak er  U c h i f f  b a s e ^ * ^ .
The s e c o n d a r y  a l i p h a t i c  a m in e ,  w h ic h  d i d  n o t  r e a c t ,  was th e n
d i f f e r e n t i a l l y  t i t r a t e d  w i t h  t h e  s t a n d a r d  p e r c h l o r i c  a c i d






R a te  o f  R e d u c t i o n  o f  p - M e t h y l a c e t o p h e n o n e  Oxime w i t h  
" © 
l i t h i u m  Aluminum H y d r i d e  ( T a b l e  I I I ) . ^
- Run I .  I n t o  #  500 m l .  w i d e - m o u t h ,  g r o u n d - g l & s s
« *»
s t o p p e r e d  b o t t l e  w h ic h  was c a l i b r a t e d  t o  t h e  n e a r e s t  25 m l . ,  
and w h ic h  had b e e n  f l u s h e d  p r e v i o u s l y  vvith n i t r o g e n ,  was  
p l a c e d  250 m l .  o f  a 0 . 4 9  m o la r  s o l u t i o n  ( 0 . 1 2 3  m o le )  o f
l i t h i u m  aluminum h y d r i d e  i n  e t h e r .  The b o t t l e  w as  s e a l e d  
v . i t h  a s t o p p e r  which  had b e e n  g r e a s e d  as  a p r e c a u t i o n  a g a i n s t  
b o t h  a b u i l d u p  o f  p r e s s u r e  and f r e e z i n g  o f  th e  s t o p p e r ,  i n  
t h e  e v e n t  o f  a t t a c k  on t h e  g l a s s  by t h e  s t r o n g l y  b a s i c  s o l u t i o n .  
A f t e r  a l l o w i n g  t h e  s o l u t i o n  t o  come t o  room t e m p e r a t u r e  o v e r ­
n i g h t ,  t h e  g l a s s  s t o p p e r  was r e p l a c e d  by a two h o l e  c o r k  
s t o p p e r ,  e q u i p p e d  w i t h  a d r o p p i n g  f u n n e l  and an o u t l e t  f o r  
r e l e a s e  o f  h y d r o g e n .  The b o t t l e  was t h e n  im m ersed  i n  a 
w a t e r  b a t h  a t  room t e m p e r a t u r e ,  ana a s o l u t i o n  o f  6 . 0 1  g .
( 0 . 0 4 0 3  m o le )  o f  p - m e t h y l a c e t o ; h e n o n e  ox im e i n  50  m l .  o f  
a n h y d r o u s  e t h e r  was a d d ed  a r o p w i s e  o v e r  a 15 m in u t e  p e r i o d ,  
o u i f i c i e n t  a n h ' n n o u s  e t h e r  v.as t h e n  added t o  b r i n g  th e  t o t a l  
volume 01 s o l u t i o n  t o  400  m l .  The s t a r t i n g  t im e  and t e m p e r ­
a t u r e  o f  the  r e a c t i o n  was  r e c o r d e d ,  anci a t  d e f i n i t e  i n t e r v a l s ,  
a 25 m l .  p o r t i o n  ( l / l 6  a l i q u o t )  o f  t h e  r e a c t i o n  m i x t u r e  was  
w ith dr a w n  and p l a c e d  i n  a f l a s k ,  c o o l e d  i n  an i c e - b a t h .  The 
s a m p le ,  w h i l e  s t i r r e d  w i t h  a m a g n e t i c  s t i r r e r ,  was  r a p i d l y  
° quenched  v . i th  0 . £  m l .  o f  w a t e r ,  f o l l o w i n g  w h i c h ,  t h e  i n s o l u b l e
p r e c i p i t a t e  was rem oved  by f i l t r a t i o n  and w ashed  w e l l  w i t h  
o e t h e r .  The e t h e r e a l  f i l t r a t e  anu w a s h i n g  w ere  t h e n  k e p t  i n
Q
a numberea f l a s k  w h i c h  w as  s t o p p e r e d  u n t i l  t i t r a t e d  p o t e n t i o -  
m e t r i c a l l y  by m eth od  6  a b o v e .  The t e m p e r a t u r e  o f  t h e  r e a c -
t i o n  m i x t a r e  ( f r o m  s a m p le s  2 - 1 1 ,  Run I ,  T a b l e  I I I )  was  o o
m a i n t a i n e d  a t  25*9  0 . 1 ° .
Run I I .  The p r o c e u u r e  w a s o t h e  same a s  f o r  t h e  f i r s t  
r u n ,  e x c e p t  t h a t  a s o l u t i o n  o f  1 . 8 7  g* ( 0 . 0 1 2 6  m o le )  o f  p -  
m e t h y l a c e t o p h e n o n e  oxime i n  50 m l .  o f  a n h y d r o u s  e t h e r  was * 
addeu t o  160 m l .  o f  t h e  0 . 4 9  m o la r  s o l u t i o n  ( 0 . 0 7 8  m o le )  o f  
l i t h i u m  aluminum h y d r i a e ,  and s u f f i c i e n t  a n h y d r o u s  e t h e i*  was  
adced  t o  b r i n g  t h e  t o t a l  v o lu m e  o f  s o l u t i o n  t o  250 m l . .  The  
t e m p e r a t u r e  o f  t h i s  r e a c t i o n  m i x t u r e  was m a i n t a i n e d  a t  
2 6 . 3  -  0 . 3 ° .
A t te m p te d  I s o m e r i z a t i o n  o f  t h e  s y n - F h e n y l  I s o m e r  of  
I so t 'U ty  ophenone  Oxime.
A s o l u t i o n  o f  0 . 4 2  g .  ( 0 . 0 0 2 6  m o l e )  o f  t h e  s y n - p h e n v l  
i s o m e r  o f  i s o i u t y r o p h e n o n e  ox im e i n  15 m l .  o f  a n h y d r o u s  e t h e  
was added t o  10 m l .  o f  a 0 . 4 9  m o la r  s o l u t i o n  ( 0 . 0 0 4 9  m o le )  
o f  l i t h i u m  aluminum h y d r i d e .  The h om ogen eou s  m i x t u r e  was . 
h e a t e d  under  r e i l u x  f o r  a u o u t  10 m i n u t e s ,  c o o l e d  and decom­
p o s e d  w i t h  a t e r ,  anu t h e  i n s o l u b l e  pr*. d p i  ta  t e  was removed  
by f i l t r a t i o n  ana washed w i t h  e t h e r .  The r i l t r a t e  and w a sh ­
i n g s  v.ere d r i e d  o v e r  L r i e r i t e .  On r e m o v a l  ,of t h e  s o l v e n t ,  
0 . 3 0  g .  (72/o) o f  the  s y n - p h e n v l  i s o m e r  v.as r e c o v e r e d  un­
c h a n g e d ,  m .p .  and m ix e d  m .p .  w i t h  a p u re  s a m p l e ,  8 8 . 5 - 8 9 . 5 0 .
c.
R e a c t i o n  o f  p - M e t h y l a c e t o p h e n o n e  0x,lme w i t h  L i m i t e d
_______________ ~ ____________ a____________  ■ •
Amounts o f  L i t h i u m  Aluminum H y d r i d e .
a )  To a s o l u t i o n  o f  2 . 9 8  g .  ( 0 . 0 2 0  m o le )  o f  p -
o
m e t h y l a c e t o p h e u o n e  ox im e  i n  190  m l .  o f  a n h y d r o u s  e t h e r  was
added 12 m l .  o f  a 0 . 4 9  m o la r  s o l u t i o n  1 ( 0 .0 0 5  m o le )  o f
l i t h i u m  aluminum h y d r i d e .  The s o l u t i o n  was h e a t e d  under
r e f l u x  f o r  10 h r s . ,  c o o l e d o t o  room t e m p e r a t u r e ,  and t h e i f
o °
s e a l e d  under n i t r o g e n  f o r  two d a y s .  The s o l u t i o n  was d e c a n t e d  
from a p r e c i p i t a t e ,  w h ic h  formed d u r i n g  t h e  r e f l u x  p e r i o d ,  
and whs h y d r o l y z e d  w i t h ^ t h e  c a l c u l a t e d  amount o f  w a t e r .  The 
l i t h i u m  and a lu m in u m .h y d r id e s  w ere  removed by f i l t r a t i o n  and  
washed w i th  e t h e r ,  from. t h e  e t h e r e a l  f i l t r a t e  and w a a h f n g s ,  
a f t e r  d r y i n g  o v e r  b r i e r i t e ,  v.ere i s o l a t e d  a t o t a l  o f  1 . 9 8  g .
» o .
of  r e l * a l i v e l y  pure o x im e  (m .p .  aaiic m ix e d  m .p .  8 5 - 8 6 ° )  s and
* • " 
0 . 2 6  g .  o f  an o i l ,  which  a p p ea red  t o  be impure o x im e .  An
a a a i t i o n e l  0 . 0 8  g .  o f  pure oxime was r e c o v e r e d  from  
h y c r t i y s i s  o f  t h e  p r e c i p i t a t e  w h ic h  s e t t l e d  from t h e ‘r e ­
a c t i o n .  F i n a l l y ,  by d i s s o l v i n g  t h e  l i t h i u m  and aluminum  
h y d r o x i d e s  i n  d i l u t e  a c i d  and e x t r a c t i n g  th e  i n s o l u b l e  •
r e s i o u e  v . i th  e t h e r ,  0 . 2 3  g .  more o f  t h e  oxime was r e c o v e r e d
»
from t h e  e t h e r .  The t o t a l  amount o f  pure oxime r e c o v e r e d  *
was 2 . 2 9  g» (77b)  . .
b) To a s o l u t i o n  o f  1 . 4 9  g'. ( 0 . 0 1 0  m o le )  o f  £ -  
m e t h y l a c e t o p h e n o n e  oxime i n  90 m l .  o f  a n h y o ro u s  e t h e r  was9
added 10 m l .  o f  a 0 . 4 9  m o la r  s o l u t i o n  (0.CT049 f j o l e )  o f  
l i t h i u m  aluminum h y d r i d e .  A f t e r  . t h e  s o l u t i o n  was  h e a t e d  . 
under r e f l u x  f o r  10 h r s . ,  i t  was h y a r o l y z e d  w i t h  t h e  c e l c u -  
l a t e a  amount o f  w a t e r ;  a c o n s i d e r a b l e  amount o f  hyurogen  wasO
p rou u ced  on h y d r o l y s i s .  The i n s o l u b l e  p r e c i p i t a t e  was  r e ­
moved by f i l t r a t i o n  and washed w i t h  e t h e r .  The f i l t r a t e  andO
a
w a s h in g s  were d r i e d  o w r  b r i e r i t e  and t h e n  d i l u t e d  v o l u m e t r i -  
c a l l y  t o  250 m l?  T i t r a t i o n  o f  a 50 m l .  p o r t i o n  ( l / 5  a l i q u o t )
o f  t j i i s  s o l u t i o n  by method C r e v e a l e d  t h a t  27.65a o f  t h e  oxime
had been  r e d u c e d  t o  a m ix t u r e  *bf am in es ,  o f  w h ic h  4 2 . 7 / y was o 0
o
r e a r ' a n g e m e n t  p r o o u c t .  The p r o u u o t s  w e r e  i s o l a t e d  by t h e  
g e i ^ r a l  p r o c e o u r e  d e s c r i b e d  belovv and were i d e n t i f i e d ,  by  
t h e i r  hydro c h l o r i d e s ,  a s  t h e  a m in es  u s u a l l y  o b t a i n e d  f ro m  *
O o •
t h e  o x im e ,  n a m e ly ,  a - p - t o l y l ^ t h v l a m i n e , ,  and N - # t h y l - p -  
t o l u i u i n e .  The h y c i r o c h l o r i d e  o f  th e  form er  m e l t e d  a t  1 5 8 -  
1 6 0 ° ,  rep o r ted * 3 m .p .  1 6 3 - 1 6 5 ° ;  w h i l e  t h a t  of  t h e  l a t t e r  
m e l t e a  a t  1 5 7 - 1 5 8 ° ,  r e p o r t e d ^  m .p .  1 5 8 - 1 6 0 ° .  A m ix t u r e  o f  
th e  l a t t e r  v . i th  an a u t h e n t i c  s p e c im e n  m o l t e d  a t  1 5 7 - 1 5 8 ° .
« l s o  r e c o v e r e d  from t h e  r e a c t i o n  m ix t u r e  was 0 . 7 2  g .  (48';i) 
o f  u n r e a c t e d  o x im e ,  m .p .  8 6 - 8 7 ° .  (A g r e a t e r  amount was  
a c t u a l l y  r e c o v e r e d ,  but  some was a c c i d e n t l y  l o s t ) .
S e p a r a t i o n  o f  P r o d u c t s  from R e a c t i o n  M i x t u r e s .
A f t e r  a n a l y s i s  o f  one o r  more a l i n u o t s  o f  a s o l u t i o n  
o b t a i n e d  from a r e d u c t i o n  m ix t u r e ,  s e p a r a t i o n  o f  t h e  p r o d u c t s  
was a c h i e v e d  by e x t r a c t i n g  th e  re m a in d e r  o f  th e  s o l u t i o n ,  
f i r s t ,  \ . i t h  an e i u a l  volume oi  sodium a c o t a t e - a c c t i c  a c i d  
b u f f e r  ( 2  n w i t h  r e s p e c t  t o  th e  form er  and 0 . 4  n v . i th  r e s p e c t  
t o  the l a t t e r ) ,  ana th e n  v . i th  an e q u a l  volume o f  5?° h y d r o ­
c h l o r i c  a c i d .  Any u n r e a c t e d  oxime o r  ox im e e t h e r  ( I )  was  
r e c o v e r e d  from t h e  e t h e r .  The so o iu m  a c e t a t e - a c e t i c  a c i d  
b u f f e r  e x t r a c t s  and th e  h y d r o c h l o r i c  a c i d  e x t r a c t s  w ere  e a c h  
b a s i l i e d  w i t h  th e  c a l c u l a t e d  amount o f  20°/o sodium h y d r o x i d e ,  
and e a c h  o f  th e  b a s i c  s o l u t i o n s  was e x t r a c t e d  w i t h  an e q u a l  
volume c$ e t h e r .  A f t e r  c r y i n g  t h e  e t h e r  e x t r a c t s  o v e r
56
D r i e r i t e ,  the primary a l i p h a t i c  amine ( I I )  was recovered from
O
the ex tr a c ts  of the former %md the secondary aromatic amine 
( I I I )  v^as recovered from the e x t r a c t s  of the l a t t e r .  I f  
the amines were present  in  low q u a n t i t i e s ,  they  were i s o l a t e d
a






The r e a c t i o n  of  k e t o x i m e s  v i t h  l i t h i u m  aluminum  
h y d r i d e  was  s t u d i e d  q u a n t i t a t i v e l y  by a n a l y z i n ^ t h e  a m in es  
o b t a i n e d  ®trom t h e  r e d u c t i o n  of k e t o x i m e s  anc t h e i r  d e r i v a -
9
t i v e s  by p o t e n t i o m e t r i c  t i t r a t i o n .  T h i s  q u a n t i t a t i v e  s t u d y  
made i t  p o s s i b l e  t o  a e t e r m i n e  th e  e f f e c t  o f  s e v e r a l  s t r u c t u r a l
f e a t u r e s  on the course  of th- r e a c t i o n .
. E l ec t ro n -re  le-  s in . /  s u b s t i t u e n t s  in the  para p o s i t i o n  
01  a ce to nh enc ne  oximes  c a u s e d ,  s i m u l t u n e o u s l y , a d e c r e e s e  i n  
th( over. '11 r o te  o f  r e d u c t i o n  one an i n c r e a s e  in the  r e l a t i v e  
amount o .  r e d u c t i v e  rearrengenx.nt  p r o c u c t . no such c o r r e l a ­
t i o n  was p o s s i b l e  l o r  the  e f f e c t  o l  s u b s t i t u e n t s  in  the  or tho  
p o s i t i o n .  M i i l e  each or the  t h r e e  o r t h o - s u b s t i t u t e u  compounds  
si -uniec gave c e c r e u s e o  r e l a t i v e  amounts  o f  the; rearrungene  nt  
product  thou c.ic the -o r e s p o n d i n g  poro- s u b e t i t u t e u  compounds, 
t- o of them, the o-me t h y l -  end o - c u l o r o - s u ;  s t i  suted a c e t o -  
phciion-. oxiir.es,  ex h i .  i tec .  e marked o e c r e n s e  in  the r o te  of  
reru '-t I on,  tu t  thr t  h i r e  , £-mc t h o v y a c e t o  >-.h«u:oue oxiTC, under­
went .'*• ■ -. t -  t. c y . t - - . i ri:  vi  op o f  the
r i . t  t .o co. poun s un-.ou-. t.- i . ly  . u'-- ..o r t e r i c  i n h i l n  t i o n
of  the  ;r - c t ’or  t y  the mi lky o_-im th y ]  m i  o . - ch lo i ’o s u b s t i ­
t u e n t s ;  .he r-eas , the °rior • .1 ous i e h o v io r  of the th i rd  v.ns 
pro!ai  l y  due to  the  f o r m e t i o n  o f  a c o o r d i n a t e d  complex  
: . tween the  o -m , t ho xy  s u e 3 t i t u c h t  aim aluminum hydride ,  \ h l c h  
could thus  f a c i l i t a t e  the  r e a c t i o n  5n t r a m o l e c u l a r l y .
The methy l  e t h e r s  ol s e v er - . 1 i  ubst i t .u t ed  ace tophenone  
oxime a unci r n t  ‘- ' educt ion nt  s l o w e r  r o t e s  c,n;' £^ nve s m a l l e r  
amounts of the ruar r u. ;o: ,ent  pro uc t  than did the odd . ' responding
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o O
o x i m e s .  T h i s  seemed t o  i n d i c a t e  t h e t  th e  a n i o n  f i r s t  formed
by rem ova l  o f  the. a c t i v e  liyc.rogen  from an oxime by l i t h i u m
•  0
aluminum h y u r i d e  p l a y s  an i m p o r t a n t  p a r t  i n  th e  r e a c t i o n .
The p o s s i b i l i t y  t h a t  t h e  aluminum h y d r i d e  c o o r d i n a t i o n  com plex  0 °
iorm ee  v . i t h  t h i s  a n io n  m ig h t  f u n c t i o n  a s  a more p o w e r f u l  r e -
0 " 
t iuc i i ig  a g e n t  v. t .s  r u l e d  o u t ,  u n l e s s  i t  d id  so i n t r a m o l e c u l a r l y ,
o
by the  n e t i c  s t u d y  ? h ic i:  ’showed t h a t  t h e  r e a c t i o n  v.as f i r s t  
o r d e r  in  o x i m e , In t h i s  s t u d y ,  a v a r i a t i o n  iu  t h e  r a t i o  o f  , 
r r o o u c t s  i t h  t ime v.as - I s o  o b s e r v e r , su -yes t i n y  t h a t  t h e  
pro<; u o t s  ore f ormed by s e v - r r l  rea ct.i on r a t h . - , o r  from s e v e r a l  
i n t v  ■’m e d ia t e s  ( o r  t r a n s i t ! ju s t a t e s ) .
The r e J u ~ t i  on o i  t h e  t  .o  isome r s  c f  is-ot u ty ro p he no n e
oxime she f3d t h a t  the rcerr-ur 'em ei .1  a c o m p a n y i n g  the  l i t h i u m
’
aluminum h y d r i d e  ret  a c t i o n  i s  n o t  s t e r e o s p e c i i i c ,  f o r  a p p r o x i ­
m a t e l y  the  seme p ro d u ct  -n ir i  u r e . wos o h t a i f i e c  from b o th  o xjme  
i s o m e r s .  The oxime s were n o t  i s o n r r i z e d  t>y t r e a t m e n t  v. ith  
l i t h i u m  aluminum hyu r i d e ,  and th e  a n t i - p h e n y l  i s  pm.- r  u n d er -  
’ e n t  re rUic f '  on an? rea v"-.;' •• ment p t  a :;lo .er  r ‘- r.r. tin-m the  
sy . i - ; in-n y I i s o :  t' us s -eo i n . in .  the • os.” ’ i iJ i t y  of  p r e ­
l i m i n a r y  i som - i r a f i o n  ecu r cn r r - i . .  c  -.: t  m- • o re  r r . -uc  t i o n  t c  
a - count f o r  t h e  ma j o r  p ^ o i u c t ,  1.-  i s o nu t y l a n i l i n e .•
mie r- o s t  p r o m is i n g  en p lo n ? -t i  oi. o f  the  e x p e r i m e n t a l  
r e s u l t s  i s  o : i e r e c  by a r e a c t i o n  p a th  w h ic l f  i n v o l v e s  s n  ° 
o x a z i r u n e  t r u n s i t i o n  s t a t e .  I t  i s  suy. estec^  t h a t  t h i s  i s  the
O
main p a t h  by v.hich re d u c t i v e  r e a r r a  ..ye v e n t  o c c u r s ,  but r e -
* « °
u u ct  i oi. must ; .h  o o c c u r  c e l i” uvi’en l l y  by o t h e r  r e a c t i o n  p a t h s  ©
o
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epared by Sodium Hydroxide
R e c r y s t a l l i z a t io n
Solvent® Yield®
Me thod2  ^
M . P . . °C. L i t .  M.P..°C. Ref
p-methoxyacetophenone 15 min. A 76jo 8 6 .5 -8 7 .5 86-870 52
p-methylacetophenone 15 min. B 77% 85.5-87 88 53
8cetophenone 15 min. A 78% 58-59.5 60 54
p-chloroacetophenone 15 min. A 70% 96-96.5 95 o 45
p-bromoacetophenone 15 min. A 825b 128-129 128-129 55
o-methoxyacetophenone 30 min. B 11% 97-98 9 5 - 9 6 20
o-me thyla  ce tophenone 1 hr. B 62-63 64 .5 -6 5 .5 20
o.-chloroacetophenone 1 hr. B U8% 101 .5-103 104 .5-105 .5 20
cyclohexanone 15 min. B 571° 89-89.5 89-90 56





Amine D e r i v a t i v e s
iimine D e r i v a t i v e
a - p - m e t h o x y p h e n y l e t n y l a m i n e a »0 h y d r o c h l o r i d e
J M - e t h y l - p - m e t h o x y a n i l i n e 8 »0 h y d r o c h l o r i d e
o c - £ - t o l y l e t h y l a m i n e a h y d r o c h l o r i d e  
p - t o l u e n s u l f o n a m i d e
L - e t h y l - p - t o l u i d i n e - h y u r o c h l o r i d e  
p - t o l u e n s a l l o n a m i d e
c c - p h e n y le t h y l a m in e a h y u r o c h l o r i d e
i s - e t h y l a n i l i n e ® h y d r o c h l o r i d e
a c - p - c h l o r o p h e n y l e t h y l a m i n e a h y d r o c h l o r i d e  
p - t o l u e n s u l f o n a m i d e
h - e t h y l - £ - c h l o r o a n i l i n e a h y d r o c h l o r i d e  
p - t o l u e n s u l f o n a m i d e
oc-p -b rom op h en y le th y lam ir iea h y d r o c n l o r i d e
i ' j - e t h y l - p - b r o m o a n i l i n e a h y d r o c h l o r i d e
a - o - m e t h o x y p h e n y l e t h y l a m i n e 1 h y d r o c h l o r i d e
h - e t h y l - o - m e t h o x y a n i l i n e f h y u r o c h l o r i d e
o
M .P * ,°C . L i t .  M . i . , ° C . R e t .
1 5 8 - 1 6 0  * 159 57
1 5 0 - 1 5 2 153 58
1 6 3 -1 6 5 1 6 7 -1 6 8 57
1 1 7 - 1 1 9 ----- —
1 5 8 -1 6 0 1 62 58
6 9 - 7 0 71 59
1 5 5 -1 5 7 158 60
1 7 4 -1 7 6 176 61
1 8 8 -1 9 0 1 9 2 - 1 9 3 62
1 2 8 - 1 2 9 c
1 3 3 - 1 3 6 d
1 0 0 - 1 0 2 1 0 2 - 1 0 4 59
2 1 2 - 2 1 4 2 1 3 - 2 1 4 62
1 6 8 - 1 7 1 e —
1 5 1 . 5 - 1 5 3 . 5 ----- —
1 9 2 -1 9 3 193 63
o
-t-
Amine d e r i v a t i v e X.-.I. . ° C . d i t .  11.P . . °C. Ref
cc- 0 - 1 0 l y  l e  t  hv lam ine h y u r o c i* lo r ia e 1 6 0 - 1 6 8 173 63
i s - e t h y l - o - t o l u i c i n e h y u r o c . i l o r i d e l S 5 - 1 8 6 d . g —
o c - o - c h l o r o p h e n y l e t h y la x a i n e n b e n z e n e s u l f a n a m id e 1 2 6 - 1 2 7 i —
h y a r o c h l o r i d e l £  3 -1 6 6 — — — -  -
x - p h e n y l i s o b u t y l e m i n e J b e n z e n s u l f o n a m i c e 1 0 3 - 1 0 3 . 5 1 —
h y c i o c n l o r i d e 2 7 1 -2 7 2 2 7 5 -2 7 7 d 65
p i c r a t e 1 8 1 - 1 8 5m»n 1 6 6 - 1 6 8 65
s - i s o c u t y l a n i l i n e *3»0 p - t o l u e n s u l f  onamide 1 2 2 -1 2 3 1 2 2 - 1 2 3 66
l l y d r o c h l o r i d e 2 0 0 - 2 0 1d. ------- —
as e t a  from L y le  anc. f r o s c i a n i e c ^ . c 'i’h e s e  same p r o a u ~ t s  v.ere o b t a i n e d  from t h e  r e -  
c u c t i o n  o f  p - m e th o x y a c e to p h e ^ o n e  oxime and i t s  O -m eth y l  e u h c r .  cA n a l . C a lc d .  f o r  
C ich i^ C 1^0 2 S : ^ ,  l . > 3 .  round:  1 . 6 2 ,  l . l l .  ° . » n a l . CaI c g . f o r  C g h p ^ O l^ :  0 1 ,  1 8 . 1 6 .
fo u n d :  0 1 , 1 8 . 1 5 .  eA n a l .  O a lc c .  f o r  C gni inrC IL :  0 1 , 1 1 . 9 8 . _2 ound: 0 1 , 1 1 . 9 3 .  *Data  
from T r o s c i a n i e c ' .  g A n a l .  C a lc o .  f o r  C o H ^ n d :  01 ,  2 0 . 6 8 .  Pounc:  01 ,  2 1 . 1 0 .  ^ B . p . ,  
9 5 - 1 0 0 °  a t  8 mm., n£j?*5 1 . 5 1 7 1 .  W a l . C, l e d .  f o r  C i iH n C lL O ^ S :  0 , 5 6 . 8 1 ; H, 1 . 7 7 .  
l o u n a :  0 , 5 7 . 0 9 ; H, 1 . 9 1 .  J -h e^ e  same p r o a u c t s  v.ere o b t a i n e d  from t h e  s y n -  and a n t l -  
i s o m e r s  o f  i s o t u t y r o p h e n o n e  o x im e .  ^-B.p . ,  1 0 0 - 1 0 1 °  a t  15 mm., n'fif 1 . 5 1 1 8 .  l Ana 1 . 
C a lc a .  f o r  Cj_5 H2o^0 2 o: 0 . o o . l 7 ;  H, o . 9 1 .  round:  0 , 6 6 . 6 6 ; H, o . 7 B .  IH Spectrum  
(CCI4 , B o .  6 2 0 ) :  o300 ( m i , 1^30 ,  1 1 6 7 ,  1 0 9 6 ,  7 2 3 ,  7 0 0 ,  6 8 7 .  AA n a l .  C a lc d .  f o r  
 ^16^18" 1 ^7 * 5 0 . 7 9 ;  B, l . c O .  -o u n d :  0 , 5 0 . 6 0 ; L, 1 . 9 3 .  n^n i s o m e r i c  p i c r a t e  v>as
a l s o  o b t a in e d  v .hich  m e l t e c  a t  th e  same t e m p e r a t u r e ,  b u t  a m ix tu r e  \ . i t h  t h e  above  
mel^teu a t  1 9 1 - 1 9 5 ° •  rhe oor -csp o n u in * ;  h y u r o c n l o r i d e  o f  t h i s  i som  r m e l t e d  a t  1 1 5 -  
1 1 6 c .  ° B . p . ,  1 1 1 - 1 1 2 °  a t  16 mm., n £ '  1 . 5 2 9 0 .  BY Spectrum  ( f r e e  b a se  i n  95?* B t h a n o l ) ,  
Xmax ( £ max ) : 2 0 ^ .5  ( u 2 , l o 0 ,  <18  ( 1 3 , 0 0 0 ) ,  297 ( 2 0 0 0 ) .  BY opectrum  ( h y d r o c h l o r i d e  
i n  95/® L t h a n o i ) ,  X max. U m a x . ) :  2 0 1 .5  ( l z , 1 0 0 ) ,  219 ( 5 1 1 ) ,  251 ( 1 9 2 ) ,  297 ( 1 1 0 ) .  
nlxt s p e c tr u m  ( 10> s o l u t i o n  i n  0OI4 ) : 1*16 (m i ,  l . o 6 (m) , 1 . 6 7  (m),  1 . 9 8  (m),  2 . 0 2  (m) , 
2 . 1 3 , 2 . 1 1 , 2 . 1 6 ,  2 . 1 8  (mi.
66
t i g .  1 1 .  b o t e n t i o m e t r i e  t i t r a t i o n s  i n  1 : 1  
e L h y l e n e  g l y c o l - i s o p r o p . v l  a l c o h o l  (method b ) : O , 
r e d u c t i o n  p r o d u c t s  from p-m< t h o x y a c e t o p h e n o n e  ox im e;
A  , r e d u c t i o n  p r o c u c t s  Tron p - . - ' j e th y la c e to n h en o n e  
o x im e;  □  , r e d u c t i o n  p r o c u c t s ~ f r o m  a c e t o n h e n o n e  
o x im e;  Q , r e d u c t i o n  p r o u u c t s  from p - c h l o r o a ^ c t o -  










F i g .  1*2. 1 o t e n t i o m e t r i c  t i t r a t i o n  o f  r e d u c t i o n
p r o c u c t s  from  p - c h l o r o a ^ e t o r h e n o n e  o^ime i n  <2:1 
a c c t o n i t r i l e - c T T l o r o f o r m  (method C ) .
a
it








7 8 10  11  12j
ml. Acid
;-i£« 13.  i -o:(.ntiome tr  i c  t i t ra t i on s*  in 2:1  
■ : o . : i t r i  lc. - c h I o ; o :  orrn (method C j : O , rec a c t i o n  
from cyelohi  x';,.one ox i m e ; 13 , r e d u c t i o n  
pro . .n ’ t from cyolol iexonone oxime a f t e r  t rea tment  
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